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i. 

Use of Acid-stable Sufctilisia Proteases in Animal Feed, 

Technical. . . .Flel d 

The present invent, ion relates to the use of acid -stable, 
s serins proteases of the subtilisin family in animal feed (In 
vivo) , and to the use of such- proteases for treating vegetable 
proteins {in vitro) . 

Proteins are essential nutritional factors for animals 
and humans. Most livestock and many human beings get the 
10 necessary proteins from vegetable protein, sources. Important 
vegetable protein sources are e.g. oilseed crops, legumes and 
cereals. 

When e.g. soybean meal is included in the feed of mono- 
gastric animals such as pigs and poultry, a significant 
rs: proportion of the soybean meal solids is not digested. E.g. , 
the apparent ileal protein digestibility in piglets and 
growing pigs is only around 8.0% , 

The stomach of mono^gastrit animals and many flash 
exhibits a strongly acidic pH, most of the protein digestion, 
20 however, occurs in the small intestine. A need therefore 
exists for an acid-stable protease that can survive passage of 
the stomach. 

Bas)s@ rQ Ur 4 Ar t , 

25 The use of proteases in animal feed, or to treat 

vegetable proteins, is known from the following documents; 

discloses i.a, an animal feed additive 

comprising a phytase and a proteolytic enzyme. Various 

proteolytic enrymes are specified at p. 7, 
30 W0SS/0S739 discloses an ensyme feed additive comprising 

xyiansss and a protease. Suitable proteases are listed at p. 

25. 

WO95/02044 discloses i>a, proteases derived from 
Aspergillus acuieatus, as well as the use in. animal feed 
3S thereof , 

US 396S97I discloses a process of obtaining protein from 
a vegetable protein source by treatment with an acid phytase 
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and optionally a proteolytic enzyme. Suitable proteases are 
specified in column 2. 

US 4073884, US 5047240, US 3068446, US 3823072, and US 
36830S9 describe protease preparations derived from various 
s strains of Streptomyces and their use in animal feed. 

These proteases, however, are not acid-stable and /or are 
not proteases of the sobtiiisin family, 

S . r . i . ef .... Dfi . acr . lp . t . lQ . n .... o . f ... the I n vsrifclo^ 
10 Several proteases have now been identified which are 

found to be very acid- stable, and expectediy of an improved 
performance in animal feed. These proteases belong to the 
group of proteases known as subtilisins < 

is Brief vP^Bgr,ifi£lon of ..Rra&iags 

The present invention is further illustrated by 
reference to the accompanying drawings, in which* 

Fig. 1 shows pB- stability curves, vis, residual protease 
activity of four proteases Cone: acid- stable protease of the 
so subtillsin family derived from Bacillus sp.. NCIMS 40484 
IPD 4 98 } .. and three reference proteases (Sub, Novo, and 
Sub .Hove i't2 1 Jit) , both derived from Bacillus amyloiiquefaciens , 
and mVtm$B m ) after incubation for 2 hours, at a temperature 
of 37 *€, and at pH- values in the range of p.H 2 to pH 11- the 

35 activity is relative to residual activity after a 2 hour 
incubation at pH 3.0, and 5*0 ; 

Fig. 2 shows pH- activity curves, vis. protease, activity 
between pH 3 and pH 11, relative: to the protease activity at 
pH- optimum, of the same four proteases; 

36 Fig. 3 shows temperature-activity curves at pH 9.0, vis. 
protease activity at pH 9,0 between 15 »C and. 80°C, relative to 
protease activity at the optimum temperature, of the same four 
proteases; 

Fig. 4 shows pH- stability curves similar to Fig. 1 but 
3.5 for six. other acid-- stable proteases of the snbtilisin family 
derived, from Bacillus alcaiopbiius HO.MS 10438, Fusarium 
cry op ox urn IPG 4471, Paeeilomyces liiaeinus CBS 102449, 
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Aspergillus so, CBS 10244S, AererfKmium ehrysogenum ATCC 48272, 
Acremoniun; kilaense ATCC 20338; 

Fig. S showy rd-aiu wity curves similar to Fig, 2 but 
for the same processes as in Fig, 4; ana 
s Fig, 6 shows tempera Cure activity curves at pH SCO 

similar to Fig. 3 but tor the same proteases as in Fig. 4. 

The term protease as used herein is an enryme that 
10 hydrolases peptide bonds (has protease activity) . Proteases 
are also called e.g. peptidases, proteinases, peptide 
hydrolases, or proteolytic ensymss . 

Preferred proteases for use according to the invention 
are of the ends- typo chat aot internally in polypeptide chains 
is (endcpept leases) . Endopeptidases show: activity on and C- 

•:erminaiiy blocked peptide substrates that, are relevant for 
the specificity of the protease in question. 

Included in the above definition or protease are any 
mzmms: belonging to the EC 3.4 ensy?ne group (including each 
20 of the thirteen sub-stxbeiassee thereof) of the EC list (Snsyme 
^omenciature 13 92 from MC-tIUBMB, IMZ) , as regularly 
supplemented and updated, see e.g. the World wi.de Web (WRW) at 

Proteases axe classified on she basis of their catalytic 
:is iTieohaaisfr; into the following groupings; serine proteases (S; , 
cysteine proteases |C} , asparcic proteases (A) , 
metal ioprotsases (M) .. and unknown, or as yet unclassified, 
proteases (U). , see Handbook. of Proteolytic Ensymes, 
A. d". Barrett, N . D . Raw! lugs,, s.F.Woessnsr Cedes , Academic Press 
30 MSSSb in particular the general introduction part. 

The terra serine protease refers to serine peptidases- and 
their clans as defined in the above Handbook, In the 1928 
version of this handbook (: serine peptidases and their clans 
are dealt with in: chapters T_ ITS. 
35 In iJ particular embodiment,. serine proteases are 

peptidases in which the catalytic msehanistn depends upon the 
hydroxy! group of a serine residue acting as the nuclsophile 
that attacks the peptide bond. 



WO M -'58273 



4 

The terms subtilisias or sabtilxsin family as used 
herein are intended to include all Clan S3 serine proteases, 
in particular Family SS thereof (elan: SB is dealt with in 
Chapter 93 of the above handbooki. In subtil is ins, the order 
s of the catalytic triad is : &sp~His~Ser. The tertiary structure 
includes both alpha-helices and seta -sheets. Clan SB includes 
both endopeptidsses ana exopeptidases. These peptidases are 
known from bacteria, archaea and aukaryotes; there is a single 
representative from a DMA virus, 
to For determining whether a given protease is a subtilisin 

or not, reference is made to the above Handbook, and the 
principles indicated therein. Such sletermi nation can be 
carrxed out for ail types of proteases, be it naturally 
occurring or vild-type proteases; or genetically engineered or 
is synthetic proteases. 

In the alternative, inhibition studies can be performed 
with SSI (the Sfreptomyees Subtilisin Inhibitor), and a 
subtilisin is defined as a protease with up to 10% residual 
activity when inhibited with a molar excess of SS|:, This teat 
2.8 :may he carried out as described, in Example a. In particular 
embodiments of this definition, the subtilisin has up to 8%, 
Up to St , or up to 5% residual activity. The expression "up 
to* in considered equal to the expression Mess than or equal 
to 1 . 

25 Protease activity can fee 'measured using any assay, in 

which a substrate is employed, that includes peptide bonds 
relevant for the specificity of the protease in question. 
Assay-pH and assay- temperature are likewise to be adapted to 
the protease in question, tramples of assay-pH- values are pH 

30 5, 6, 7, 8, 9, .10, or XI. Examples of assay- temperatures are 
25, 30, 35, 37, 40, 45, SO, SS , 60, S3, or 7Q«C. 

Examples of protease substrates are casein, and pNA~ 
substrates, such as 0xq~0iW-pm. (available e.g. from Sigvca B~ 
7388). The capital letters in this pKA- substrate refers to the 

*s one-letter amino acid code. Another example is Protasyoe AK 
(azurins-dyed crossiinked casein prepared as tablets by 
Megaryrne T • ?;<Ak: . For pH-aCcivity and 3B-- stability studies, 
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the pNA- substrate is preferred, whereas for temperature- 
activity studies, the Prstsoyme substrate is preferred. 

Examples of protease assays are described in the 
experimental part . 
s There are no limitations on the origin of the protease 

tor use according to the invention. Thus, the term protease 
includes not: only natural or vild~typs proteases, but also any 
mutants, variance, fragments etc thereof exhibiting protease 
activity, as well, as synthetic proteases, such as shuffled 

10 proteases, and consensus proteases, Such genetically 
engineered proteases can be prepared as is generally known in 
the art, eg by Site -directed Mutagenesis, by PCR (using a PCR 
fragment containing the desired mutation as one of the primers 
in the PCR reactions), or by Random Mutagenesis. The 

is preparation or consensus proteins is described in eg HP 
857985. 

Examples of acid-stable proteases: of the subtilisin 
family for use according to the invention are 

(1) the prot eases derived irom bacillus sp, KCIM8 40484, 
20 Bacillus: alcaiophilus ,104 58; Fusarium oxysporum IF© 

4471? Paebiiornyces lilacinus CBS 102449, Aspergillus sp. CBS 
10344% Acremonium chrysogenum ATCG 48372,; and Aeremoaium 
kiliense ATCC 20338; 

(ii) proteases of at least 70, 75, 80, 85, 90, or at 
25 least 95% amino acxd identity to any of the proteases of 

till] proteases of at least 70, 75 , SO , 85, 50, or at 
least 95% identity to any of SEQ ID MO; I, SEQ ID WO: 2, SSQ 
IS POc 3, or SEQ ID NO : 4; 

(iv) proteases of at least 70, 75, SO, 85, 90, or at 
3 0 least 95% amino acid identity to any of SEQ ID NO; 5 (the 
whole sequence 1-38?, or fragments 28.-397 or 11S--3 9? thereof), 
SEQ ID HO; 6 (the whole seguanee I-3S7, or fragments 70-367 or 
94-367 thereof), or SSQ ID HO: ? . 

Eor calculating percentage identity, any computer 
•as program known in the art can be used,: such as GAP provided in 
the GCQ version 8 program: package (Program Manual for the 
Wisconsin Package, Version 8, Genetics Computer Group, S75 
Science Drive, Madison, Wisconsin, USA 33711} (Heedlcman, SuB. 
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and nm&eh; CD, , (197m i uouLrnal of Molecular Biology, 48, 
44.3-453. Using GAP with the following settings for polypeptide 
sequence comparison; GAS creation, penalty of 5-0 and GAP 
extension penalty of 0.3, 
5 In a particular embodiment, the protease for use 

according to the invention is a microbial protease, the term 
microbial indicating that, the protease is derived from, or 
originates from, a microorganism* or is an analogue, a frag- 
ment, a variant, a mutant, or a synthetic protease derived 
is from a microorganism, It may be produced or expressed in the 
original wild- type microbial strain, in another microbial 
strain, or in a plant; i.e. the term covers the expression of 
wild-type, naturally occurring proteases, as well as 
expression in any host of recombinant, genetically engineered 
is or synthetic proteases. 

The term microorganism as used herein includes Arehaea, 
bacteria, fungi, vara etc. 

Examples of microorganisms are bacteria, sued as. 
bacteria of the genus Bacillus, e.g. {Bacillus sp. NCI MB 
2:0 Ho. 40484; Bacillus alcalopbilsus MCIMB 10438; or mutants or 
variants thereof exhibiting protease activity. 

further examples of mierborgahdsms are fungi, such as 
yeast or filamentous fungi, e.g. chosen from the genera 
Paeeilomyces, e.g. Paecilomyces ill acinus CBS 10244 9, 
as Aspergillus, e.g. Aspergillus sp, CBS 102448, Acremoniam, e,g, 
Acremonium chrysogenum AlCC 4 8272, Acremonium kill ease ATCC 
2033S, or Fusarium, e.g. Fusarium oxysporum IPO 4471 ; or 
mutants or variants thereof exhibiting protease activity. 

In another embodiment the protease is a plant protease, 
is An example of a protease of plant origin is the protease free 
the sarcocarp of melon fruit (Kaneda et al, J.Siociaimv 78, 
1287-1296 (1975). 

The term animal includes ail animals, including human 
beings. Examples of animals are non-ruminants, and ruminants, 
as such as cows, sheep and horses. In a particular embodiment, 
the animal is a non-- ruminant animal. Hon- ruminant animals 
include mono -gas trie animals, e.g. pigs or swine {including, 
but not limit ad to, piglets, growing pigs, and sows; ? poultry 
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such as turkeys and chicken {Including but not limited, to 
broiler chicks, layers}; you» calves; and fish {including but 
not .limited to salmon) , 

The term feed or feed composition means any compound, 
s preparation, mixture, or composition suitable for, or intended 
for intake fay an animal. 

In the use according to the invention the protease can 
be fed to the animal before, after, or sicmiltaneously with the 
diet. The latter is preferred, 
10 In the present context, the term acid-stable means, that 

the protease activity of the pure protease enzyme., in a 
dilution corresponding to A 5S „ m 1.0, and fsllQwirig incubation 
for 2 hours at 37°C in the following buffer: 

IQOmM succinic acid, IQOmM HEPSS , lOOmM CUES, 
is IQQnm CASS, im CaCi ; , isomM KC1 , 0.01% Triton* X-lpqd pH 

is at least 40% of the reference activity, as measured using 
the assay described in Example ZC herein i substrate; Suc-AAPF- 
pNA, pH 9 . 0 2 8X) , 

20 In particular embodiments of the above acid-stability 

definition, the protease activity is at least 45, 50, 55 » So d 
&5, 70, 75, 80, SS, or at least 90% of the reference activity. 

The term reference activity refers to the protease 
activity of the same protease, following incubation in pore 

25 form, in a dilution corresponding to A sss - : 1.0, for 2 hours at 
5*C in the following buffer: XOQntM succinic acid, lOOmM BEPES , 
lOOmM CKBS, lOOmM CABS, ImM CaCi,, 150mm" KC1 , 0 .01% Triton* X- 
100, pH 9.0, wherein the activity is determined as described 
above > 

30 In other words, the method of determining acid -St ability 

comprises the following steps; 

a) The protease sample to he tested (in. pure form, A xiQ * 
1,05 is divided in two aiiquots ix and XI.) ; 

b) Aliquot 1 is incubated: for 2 hours at 37*C and pH 

35 .3-5; 

c) Residual activity of aliguot I is measured (pH 9>Q 
and 25°C) ; 
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d} Aliquot II is incubated for 2 hours at 5*C and pH 

9.0; 

e) Residual activity of aliquot XI is measured (pK 9.0 
and 25*C) ; 

s f ) Percentage residual activity of aliquot I relative to 

residual activity of aliqtiot II is calculated. 

Alternatively, in ".he above definition of acid- 
stability, che step b} buffer pH-valua may be 2.0, 2.5, 3.0, 
3.1, 3 .2, 313, or 3.4 . 
%8 In other alternative embodiments of the above acid- 

stability definition relating to the above alternative step b) 
buffer p-P values, the residual protease activity as compared 
to the reference, is at least 5, 10, 15, 20, 2:3, 30, 30, 40, 
45, or at least 50%. 
*S in alternative embodiments, pH values of 6.0, 6.5, ? . 0 , 

7.5, S .Co or 3 . 5 can be applied for the step d) buffer- 
In the above acid- stability definition, the term % ss * 
1,0 means saeh concentration {dilution} of said pure protease 
which gives rise to an absorption of 1.0 at.: 23 6 .nm in a lem 
20 path length cuvette relative to a buffer blank. 

Arid in the above acid- stability definition, the term 
pure protease refers to a sample with a ratio above or 

equal to (see Example 2B) , end which by a scan as a 

Coomassie- stained SOS- PAGE gel is measured to sieve at least 
as 95% of its scan intensity in the band corresponding to said 
protease (see Example 2h) . In the alternative . t the &^J&™$ 
ratio is above or equal to 1 .50, I .00, l . 6 5 ,. 1.70, 1.75, 1.80, 
1. 85 , or above or equal to 1 . .90:.. 

However, for the uses according to the invention, the 
3Q protease need not be that pure; it may e.g. include other 
enaymes, even other proteases, in which case it could be 
termed a protease preparation. Nevertheless , a well-defined 
protease preparation is advantageous, For instance, it is reach 
easier to dose correctly to the feed a protease that is 
35 essentially free trot? interfering or contaminating other 
proteases, The term dose correctly refers in particular to the 
objective of obtaining consistent and :sastast. results, and 
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the capability or optimising dosage based upon the desired 
effect . 

In a particular embodiment, the protease, in the form in. 
which it is added to the feed, or when being included in a 
% feed additive, is well -def ined, Wedl-def iued means that the 
protease preparation is at least 56% pure as determined by 
Sice -exclusion chromatography (see: Example 12} . 

In other particular embodiments- the protease preparation 
is at least SO, 70, 80, 8S ; $S, 90, 22, 94, or at least 95% 
io pure as determined by this method. 

In the alternative, the term well-defined means, that a 
fractionation of the protease preparation on an appropriate 
sire -exclusion column reveals only one major protease 
component . 

*s The skilled worker will know how to select an 

appropriate Size -exclusion, pfeomatography column. He might 
start by fractionating the preparation oh e.g. a HiLpad26/S0 
Superdexyspg column from : Mersham Pharmacia Biotech (see 
Example 12) . If the peaks would not fee clearly separated he 

20 would try different columns (e.g. with an amended: column 
particle size: and/or column length) , and/or: he would amend the 
sample: volume. By simple and common trial -and -error methods he 
would thereby arrive at a column with a sufficient resolution 
{clear separation of peaks), on the basic of which the purity 
calculation is performed as described in Example 12, 

The protease preparation can be (a) added directly to 
the feed {or used directly in the treatment process of 
vegetable proteins), or (hi it can be used in the production 
of one or mors intermediate compositions such as feed 

is additives or premixes that is subsequently added to the feed, 
{or used in a treatment process) . The degree of purity 
described above refers to the purity of the original protease 
preparation, whether used according to {a} or (b) above.. 

Protease preparations with purities of this order of 

35 magnitude are in particular ofetainafoie using recombinant 
methods of production, whereas they are not so easily obtained 
and also subject to a much higher batch-to-batch variation 
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when the protease is produced by traditional fermentation 
methods . 

Such protease preparation may of course foe mixed with 
other enzymes . 

s Iti one particular embodiment, the protease for use 

according to the invention, besides being acid- stable, also 
has a pH- activity optimum close to neutral. 

The term pK~ activity optimum: close to neutral means one 
or more of the following: That the pH- optimum is in the 
10 interval of pH S. 0-11.0, or pK 7,0-11. 0, or pH 6.0-10.0, or pH 
7.0-10,0, or pH 8.0-11.0, or pH 8.0-10.0 (see Examples 2B and 
7, and Figs, 2 and 5 herein}. 

In another particular embodiment, the protease for use 
according to the invention, besides being acid-stable, Is also 
is thermostable, 

^he term thermostable means ope or more of the 
following:: That the temperature optimum is at least S0 a C, STC f 
S^C: U«G;, 58°C, 60 C C, S2«C, 64*C ( 66»C, 68*0, or at least TS^C, 
reference being made to Examples 2D and 7 and Figs, 3 and 6 
20 herein, 

In a further particular embodiment, the protease for use 
according to the invention is .capable of sol up ili sing 
vegetable proteins according to the: in vitro model, of Example 
4 herein, 

2* The term vegetable proteins as used herein refers to any 

compound, composition, preparation or mixture that includes at 
least one protein derived from or originating from a 
vegetable, including modified proteins and protein- 
der.ivatives , In particular embodiments, the protein content of 

jo the vegetable proteins is at least 10, 20, 30, 40, 50, or €0% 
{w/wj . 

vegetable proteins may he derived from vegetable protein 
sources, such as legumes and cereals, for example materials 
from plants of the families Fafoaceae iLeguminosae} , 
3 5 Cruc if era ceae, Chenopodiaoeae, and Ppaeeae, such as soy bean 
meal, lupin meal and rapeseed meal . 
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In a particular ss! Dpdiment > the vegetable protein source 
is material ixom one or more plants of the family Fafoaceae, 
e.g. soybean., lupine, pea, or bean. 

In another particular embodiment , the vegetable protein 
s source is material from one or more plants of the family 
Chenopodiacaae, e,g, beet, sugar beet, spinach or guinea. 

Other examples of vegetable protein sources are 
rape seed, and cabbage. 

Soybean is a preferred vegetable protein source . 
10 Other examples of vegetable protein sources are cereals 

such as barley, wheat, rye, oat, maise {com), rice, and 
sorghum. 

The treatment according to the invent ion of vegetable 
proteins with at least one acid-stable protease of the 
IS subtiiisin family results in an increased so I obi 1,1 sat ion of 
vegetable proteins, 

The following are examples of % soiuhilised protein 
obtainable using the proteases of the invention;. At least 
76. 8%, 77.0%, 77,2%, 77.4%, 77.6%, 77, 8%, 78.0%, 78 .2%, 78,4%, 
m 7.S ♦«:%:, or at least 78 . 8%, reference being had to the in vitro 
model of E^atmple 4 herein. 

The term solubiiisatiop of proteins basically means 
bringing protein (s) into solution. Such solubilisation may be 
due to profc ease -mediated release of protein from other 
is components of the usually complex natural compositions such as 
feed, -Solubilization can be measured as an increase in the 
amount of soluble proteins, by reference to a sample with no 
protease treatment (see Example 4 herein) . 

In a particular embodiment of a treatment process the 
30 protease is) in question is af fecting hor acting on, or 
exerting its solubilising influence on the vegetable proteins 
or protein sources. To achieve this, the vegetable protein or 
protein source is typically suspended in a solvent, eg an 
aqueous solvent such as «ter, and the pH and temperature 
rs values are adjusted paying due. regard to the characteristics 
of the ensryme in guest ion. For example:, the treatment may take 
place st a pH-valua at which the relative activity of the 
actual protease is at .beast 50, or €0, or 70, or 80 or 90%. 
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Likewise < for example, the treatment may take place at a 
temperature at which the relative activity of the actual 
protease is at least S0 f or •&§:, or ?0.> or 80 or 90% (these 
relative activities being defined as in Example 2 herein) „ The 
$ enzymatic reaction is continued until the desired result is 
achieved, following which it may or may not be stopped by 
inactivating the ensyme, e.g. by a heat -treatment step. 

In another particular embodiment of a treatment process 
of the invent ion, the protease action is sustained, meaning 

10 e.g. that the protease is added to the vegetable proteins or 
protein sources, hut its solubiii sing, inflnsnee is so to speak 
not switched on until later when desired, once suitable 
solub.il issing conditions are established, or once any enzyme 
inhibitors are inactivated, or whatever other means could have 

is been applied to postpone the action of the enzyme-. 

In one embodiment the treatment is a pre- treatment of 
animal feed or vegetable proteins for use in animal feed, i.e. 
the proteins are sblubilised before itvtabe. 

The terra improving the nutritional value of an animal 

2:0 feed means improving the availability of the proteins, thereby 
leading to increased protein extract ion , higher protein 
yields, and/or improved protein utilisation. The nutritional 
value of the feed ,i;s therefore increased, end the growth rate 
and/or weight gain and/or feed conversion (i.e. the weight of 

2S ingested feed relative to weight gam) of the animal is /are 
improved . 

In. particular embodiment s the weight gain ia at least 
101%, 10.2%, 103%, 104%, 105%, loa, or at least 106.5% of the 
control, reference being had to Example 10 herein. 

30 In further particular embodiments the teed conversion is 

at most (or not more than) 991, 98%, 37.51, 97%, or at most 
96. S%. This is equivalent to a feed conversion of up to 09%, 
98%, 97.5%, 97%, cr up to 05 . S% . Again, reference is had to 
Example 10 herein, comparing with the central .. 

3S The protease can be added; to tbs feed, in any form, be it 

as a relatively pure protease, or in admixture with other 
components intended for addition to suit el teed, i.e. in the 
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form of animal feed additives.,, such as the so-called pre- mixes 
for animal feed. 

s Apart from the acid- stately protease or the sufotilisin 

family, the animal feed additives of. the invention contain at 
least one fat-soluble vitamin, and/or at least one 
water-soluble vitamin, and/or at least one trace mineral, 
and/or at least one macro mineral. 

io Further, optional, feed-additive ingredients are 

colouring agents, aroma compounds, stabilisers, and/or at 
least one other eneyrea selected from amongst phytases EC 
3.1.3.8 or 3, 26; xylanases EG 3,2.1.8; galaccanases EC 

3.2.1,89; and/or beta- a lucanases EC 3.2.1.4 (EC refers to 

is Enzyme Classes according to Enzyme Nomenclature 1392 from btC- 
XUBMB, 19925, see also the World Wide Web (WWW) at 

In a particular embodiment these other enzymes are 
well-defined (as defined and exemplified above for protease 

as preparations,: i .a, by reference to Example 12) . 

Usually: fat- and water-soluble: Vitamins, as mil as 
trace fro. nereis form part of a so-called premix intended for 
addition to the feed, whereas imczo minerals are usually 
separately added to the feed. Either of these composition 

•••• types, when enriched with an acid-stable subtiiisiu according; 
to the invention, is an animal feed additive of the invention. 

in a particular embodiment, the animal feed additive of 
the invention is intended for being included tor prescribed as 
having to be included; in animal diets or feed at levels of 

50 0.01-10,0%; more particularly 0,01-5.0%: or 0,2-1.0% (I 
meaning g additive per 1G0 f feed} . This is so in particular 
for premises:. 

Accordingly, the concentrations of the individual 
components of the animal feed additive, e.g. the preadx, can 
35 be found by multiplying the final in- feed Concent rati On of the 
same component by, respectively, 10-10000;; 20-2000; or 100-500 
C referring to the shove three percentage inclusion intervals) . 
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Guidelines for desired final concent rat ions , i.e. in- 
feed- concent rat ions , of such individual feed and feed additive 
components are inddcatsi in Table A below. 

The following are non-e^ciusiva lists of examples of 
5 chess components t 

Examples of fat- soluble: vitamins are vitamin A f vitamin 
D3 , vitamin B, and vitamin K, e.g. vitamin K3 . 

Examples of water-soluble vitamins are vitamin BI2, 
foiotin and choline, vitamin 81, vitamin B2 , vitamin 86, 
at niacin, folic acid and pantothenate, eig. Ca-D-panchochenate . 

Examples of trace minerals are manganese, zinc, iron, 
copper, iodine, selenium, and cobalt. 

Examples of macro minerals are calcium, phosphorus and 
sodium, 

IS The nutritional requirements of these components - 

exetspXified with poultry and piglets/pigs - are listed in 
Table A below. Nutritional requirement means that these 
components should be provided in the diet In the 
concentrations indicated. These data are compiled from; 

20 mc, Nutrient requirements in swine, ninth revised 

edition 1988, subcoramltt.ee on swine nutrition, committee on 
animal nutrition, board of agriculture, national research 
council.. National Academy press, Washington, D.C. 1988; and 

mtCi Nutrient requirements of poultry, ninth revised 

25 edition 19:94, subcommittee on poultry nutrition, committee on 
animal nutrition, board of agriculture, national research 
council. National Academy Press, Washington, D.C. 1,394. 

in the alternative, the. animal feed additive of the 
invention comprises at least one of the individual components 

30 specified in Table A. At least one means either of, one or 
more of, one, or two, or three:, or four and so forth up to all 
thirteen, or up to all fifteen individual components. 

More specifically, this at least one individual 
component is included in the additive of the invention in such 

35 an amount as to provide an in-feed-cpneentration within the 
range indicated in column four, or column five, or column six 
of Table A. 
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As explained afcove, corresponding feed additive 
concentrat ions can be found hy multipiyang the interval limits 
of these ranges with 13-10000; 20-2000; or 100-500,. As an 
exatjple, considering whien premix- content of vitamin A would 
S correspond to the feed-content of 10-10000 VJfkq, this 
exercise would lead to the foil-owing Intervals % 100-10* IU; or 
200-2x10' IV or 1000-5x10" 1U per kg additive. 
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mm} publications referred to above, poultry and pig diets 
can be characterised as indicated in Table B below, columns 2~ 
3, Fish diets can be characterised as indicated in column 4 of 
Table B, Furthermore such fish diets usually have a crude fat 
s content of 200-310 g/kg. These fish diet are exempli. tied with 
diets for Saimonids and designed on the basis of Aguaculture, 
principles and practices, ed. T.V.R. Pill ay, Blackwell 
Scientific Pafol icacicns Ltd, I 390; Fish nutrition, second 
edition, ed, John B. Haiver, Acadeniic Press Inc. 1989, 

An mtTml feed composition according to the invention 
has a crude protein concent of 50-800 g/kg, and furthermore 
comprises at least one protease as claimed herein. 

furthermore, or in the alternative {to the crude protein 
content indicated above) , the animal feed composition of the 
ts invention baa a content of mataboli cable energy of 10-30 
Wkg,- and/or a content of calcium of oa-aoo g/kg? and/or a 
content of available phosphorus of 0,1-200 g/kg; and/or a 
content of methionine of 0.1 -100 g/kg; and/or a content of 
methionine plus cysteine of 0,1-150: g/kg :? and/or a content of 
20 lysine of 0.5-50 g/kg. 

In particular embodiments, the contsnt of metabolia&bie 
energy, crude protein, calcium:, phosphorus, methionine, 
metM:onins plus cysteine, and/ox lysine is within any one of 
ranges 2, 3 f 4 or 5 in Table S below (H. 2-5). 
25 Grade protein is calculated as nitrogen f&) multiplied 

by a factor 6.25, i.e. Crude protein (g/kg)- N (g/kg) x 6,25 
as stated in Animal hut ration, 4th edition, Chapter 13 (Eds, 
P. McDonald, R, A. Edwards and J. F, D. Greenhaigh, Longman 
Scientific and Technical, 1988, ISBH 0-5S2-4QS03 -$} . The ni~ 
so trogen content is determined by the Kjeidahi method {A.O.A.C., 
1984, Official Methods of Analysis 14th ed. , Association of 
Official Analytical Chemists, Washington DC) . 

He t arch: sable energy can be calculated on the basis of 
the NRC publication Nutrient Requirements of Swine a OSS) pp . 
is 2-6, and the European Table of Energy Values for Poultry Feed- 
stuffs, Speldarhoit centre for poultry research and extension, 
7:351 D « Beekbergen, The Netherlands. Grafiseh bedrijf Ponsen & 
looijen by, Nageningera ism 90-714:03-12-5 . 
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The dietary content of ealeinsp available phosphorus and 
amino acids in complete animal diets is calculated on the ba- 
sis of feed cables such as Veevoederfcabsi 1997, gegevens over 
chemisch® satnenstelling, vsrteerbaarhsid en voedsrwaarde van 
s voedersaiddelsn, Central V'aevoe4erbureau, Rnnderveg 6, S2iS pk 
Lelystad. ISBN 90 -72 83 9 - 13 -7 , 

In a particular e^odiment, the animal feed composition 
of the invention contains at least one vegetable protein or 
protein source as defined above. 

10 in still further particular embodiments, the animal feed 

composition of the invention contains 0-80% maiae? and/or 0~ 
8 0% sorghum; and/or 0-70% wheat; and/or 0-70% Barley; and/or 
0-30% oats; and /or 0-40% soybean meal ; and/or 0-10% fish meal; 
and/or 0-20% whey, 

as Animal alecs can e.g. be manufactured as mash feed 

(non-pelleted) or pelleted feed. Typically, the milled feed- 
stuffs axe mixed and sufficient amounts of essential vitamins 
and minerals are added accordinf to tbe specif icac ions for the; 
species an question. Enzymes, can be added as solid or liquid 

28 enzyme formulations . For example, a solid enzyme formulation 
is typically added before or during the mixing step; and a 
liquid enKyms preparation is typically added after the pellet- 
ing step- The enzyme may also be incorporated in a feed addi- 
tive or premiz:. The final sxrzyme concentration in the diet is 

as within the range of 0,01-200 mg ensyms protera per kg diet, 
for example ih the range of >■> •• j 0 mg ensvme protein per kg ani- 
mal diet. 

Examples of animal feed compositions are shown in 
Example 11. 
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In particular emtoodisnenta of the method of the invention 
for treating -vegetable proteins, a further step of adding- 
pbytase is also included. And in further particular 

10 embodiments, m addition to the combined treatment with 
phytaes and protease, further enzymes «iay also foe added, 
wherein these enzymes, are, selected from the group comprising 
other proteases, ohytases , lipolytic erasynses , and glueosi- 
dase/earhehydrase enzymes. Examples of such enzymes are 

X5 indicated in WO9S/26SS0. 

The protease should of course be applied in an effective 
amount, i.e. in an amount adequate for improving 
soliObilisatlon and/or improving nutritional value of feed. It 
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is at present contemplated that the snsyrae is administered in 
one or sore of the following amounts (dosage ranges) $ 0,01- 
200 ; or 0. 01-100; or 0.05--00; or 0,05~h0; or 0> 10-10 ~ all 
these ranges being in usg protease: protein per kg feed (ppm) . 
5 For determining nig protease protein per kg feed, the 

protease is purified from the feed composition, and the 
specific activity of the purified protease is determined using 
a relevant assay (see nnder protease activity, substrates, and 
assays}. The protease activity of the feed composition as such 
10 is also determined using the same assay, and on the basis of 
these two determinations, the dosage in mg protease •protein 
per kg feed is calculated. 

The same principles apply for determining mg protease 
protein in feed additives, 
is Of course, if a sample is available of the protease used 

for preparing she feed additive or the feed, the specific 
activity is determined from this sample (no need to purify the 
protease from the feed composition, or the additive) . 

Many vegetables contain anti -nutritional factors such as 
20 lectins and trypsin inhibitors. The most important anti- 
nutritional factors of soybean are the lectin soybean 
agglutinin CSBA) , and the soybean trypsin inhibitor WTl) , 

feet ins are proteins that bind to specific carbohydrate- 
containing molecules with considerable specificity, axrd when 
25 ingested they .become bound to the intestinal epithelium. This 
may lead to reduced viability of the epithelial ceils and 
reduced absorption of nutrients, 

SBA is a glycosylated, tat r amor ic lectin with a scorn; t 
molecular weight of about 30 kDa ana a high affinity for 11- 
30 acetylgalactosamine. 

Trypsin inhibitors affect the intestinal proteolysis 
reducing protein digestibility, and also increase the 
secretion of digestive an cymes from the pancreas leading to a 
loss of amino acids in the form of digestive enzymes. An 
35 example of a trypsin inhibitor is the B^man-Birfc inhibitor, 
that has a molecular weight of about 8 fcGa, contains 7 
disulfide bridges and has two inhibitor/ loops specific for 
trypsin - i. ike and chymotrypsin-like proteases. Other examples 
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are the so-called KunLt-z Inhibitors of Factors (e.g. the 
Soybean %un±cz Trypsin Inhibitor that contains one binding 
site tor trypsin- 1 ike proteases and has a molecular weight of 
about 2 0 kDa) . 

s The proteases for use according to the invention have 

been shown to hydrolyse anti-nutricional factors like SEA 
lectin, and the trypsin inhibitors: Bowman Birk Inhibitor and 
The Soybean Kunitt Factor. See the experimental part, Example 

5. 

« Thus, the invention also relates no the use of acid- 

stable serine proteases for hydro! ysing, or reducing the 
amount of, anti-nutritional factors, e.g. SB A lectin, and 
trypsin inhibitors, such as the Bowman Birk Inhibitor, and 
Kunitt Factors, such as the Soybean Kunito: Factor. 

is 

iSxaa'ip.i.e.„i 

A large number of proteases were analysed for stability 
at pH 3, VJith the objective of identifying: proteases that have 
so the necessary stability to pass through the acidic stomach of 
oono- gastric animals . 

The proteases had been /purified by conventional 
chromatographic methods such as ion- exchange chromatography, 
hydrophobio interaction chroma tography and size exclusion 
25 chromatography (see e.g. Protein Purification, Principles,, 
High Resolution Methods, and Applications, Editors; ,Jan- 
Christen Janson, LarsRyden, vCH Publishers, 1989). 

Protease activity was determined as follows: The 
protease was incubated with 1.6?%- Hammarsten casein, at 2S°C, 
30 pH 9,5 for 30 minutes, then: TCA itri-ohlorc acetic acid) was 
added to a final concentration of 2% {w/Wj , the mixture was 
filtrated to remove the sediment, and the filtrate war 
analysed for free primary amino groups (determined in a 
coiometric assay based on CPA {g-phthai -diaiaehyde} by 
3S measuring the absarbance at 34onm, using a serine standard 
(Siocheoiscbe Taschenbueh Ceil IT, Springer- feriag (1364), 
p. 3 3 and p. 102) < One Casein Protease On it (CPU) is defined as 
the amount of enzyme liberating Ixmol of TCh-soiuble primary 
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amino groups per minute under standard conditions, i.e. 25*C 
and pH 9,5, 

The proteases were diluted to aa activity of 0,6 CPU/ 1 
in water, divided in two afigaagts and each aliquot was then 
s further diluted to 0.3 CPU/1 witll 100 mM citrate buffer, pH 3, 
and 100 m phosphate buffer, pH 1 respectively , The diluted 
samples were incubated at %7*fr for I hour, and 20 #t of the 
samples were applied to holes in it agarose plates containing 
1% skim milk. The plates (pH 7.0} were incubated at 37«C over 
10 night and clearing zones were measured. 

4:2 proteases performed well in this test. A number of 
these have been characterised, see examples 2, 6, 7 and 8. 
These proteases all. belong to the subtil ism family of serine 
proteases . 

15 

£haractmaa.tinii — &xk2 — cq^ra&j.3B8 sturdy of the .^ebr-n i sfn 

The protease derived from Bacillus sp. &CIMB '10485 was 
prepared m described in Example 1 of W0.93/2 4&23-.. 

The purpose of this characterisation was to study its 
pH~ stability, pH-activity and temperature ••activity profiles, 
in comparison to Sub. Novo, Suh.Movo; Y217L} , and SAVIKASEf"*. 

Sub. Novo is subtilisin from Bacillus amy lo liquet" aeiens, 
25 and Sub. Novo (Y217L) is the mutant thereof that is disclosed in 
$09:6/05739. Sub, Novo was prepared and purified from a culture 
of the wild-type strain ys-ing conventional methods, whereas 
the mutant was prepared as described in Examples 1-2, and IS- 
IS of EP 130756. 

30 SAVXMASE™ is a subtilisin derived from Bacillus clausal 

{previously Bacillus lent us NCIB 193091, commercially 
available from Novozymss &/S> Krogshoejvej , DKU2880 Bagsvaerd, 
Denmark. Its preparation is described in US patent Po. 
3723250. 

35 



wommm 



23 

The SDS-FAGE purity of the srotssse samples was 
determined by the following procedure i 

5 40ul Protease solution ih, m concentration » 0,025; was 

mi*ed with lOpi 50%{w/v) TCh (trichloroacetic acid) in an Bp- 
pander f tube en ice. After half an hour on ice the tube was 
centrifuged (5 minutes, Q C C, 14 .000 x g) and the si.ipernata.nt 
was carefully removed. 20ul SDS-PAGE sample buffer (200jul 
io Tris -Glycine SD3 Sample Suffer (2x5 (12SmM Tris/KCl, pH 6.8, 
4%iw/v; SDS, SOppm bromophenoi. blue, 20% (v/v) Glycerol, LC2676 
from KGV£X ; h * isOftl dist. water * 2Dj.il Sorsreaptostihanoi * 
20pl 3M unbuffered Trie Base (Sigma T I £03; was added to the 
precipitate and the tube was boiled tor. 3 minutes. The tube 
is was centrifuged shortly and lOui sample was applied to a 4-20% 
gradient Tris ■■ Glycine precast gel from NOV8X w (polyacrylami.de 
gradient gel based on the LaemmU chemistry but without SDS in. 
the gel, (Laemmii, U.K., {1970} Nature, vol. 2.27, pp. e»0- 
6 ' 8S) ' KC602S5) . The electrophoresis was performed with Tris- 
20 Glycine running buffer G2 . 9g Tris Base, 14. Ag Glycine, X . Og 
SOS, distilled water to 1 liter) in both buffer reservoirs at 
a 150V constant voltage until the hromophenel blue tracking 
dye had reached the bottom of tee gel. After electrophoresis" 
the gel was rinsed 3 tomes, S minutes each, with 100 mi at 
25 distilled water by gentle shaking. The gel was then gently 
shaked with Gel code" Blue Stain Keagent (colloidal Oomasste G- 
250 product from PIERCE, PIERCE cat. No. 24S92? for one hour 
and washed by gentle shaking for B to IS hours with distilled 
water with several changes of distilled water. Finally, the 
M 1?el was dri * d ^tween 2 pieces of cellophane. Dried gals were 
scanned with a Arcus II scanner from AGFA equipped with Fo- 
tolook 35 v2,08 software and imported to the image evaluation 
software CREAfP for Windows (catalogue nos , S 90001 and 030005, 
Kem-Hu-Tec f Denmark) by the File/Acquire command with the foi- 
ls lowing settings (of Fotolook 05 V2.08) : Original -Reflect ive , 
Hode*=Color RGB, Scan resolution^ 0 opi , Output resolu- 
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tion==120ipi , Scale £&c&or«X#$%., Range«Histogram with Global 
selection and M.in«0 and Max*2XS, f TopsCurva=Mone Sharp- 
ness-None, Dascresn-Hone and Flavor-Mone , chereby producing- art 
* . img picture file of the SDS-EMSE gel, which was used for 
5 evaluation in CREAM™, 'the * . irttg picture file was evaluated 
with the menu command &n&ly®is/l -£h Two scan lines were placed 

on the * . img picture file with the '1-an.e Pls.ce Tool: h Sample 
scan line and a Background scan line. The Sample scan line was 
placed in the middle of a sample lane (with the protease in 

10 question) from just below the application slot to just above 
Che position of the Bromphenol blue tracking dye. The Back- 
ground scan line was placed parallel to the Sample scan line, 
bur at a position m the : cured SDS-PAGS gel where no sample 
was applied, start and endpoiht s for the Background scan line 

is were perpendicular to the start and endpoints of the Sample 
scan line. The Background scan line represents the true back- 
ground of the gel. The width and shape of the scan lines were 
not adjusted. The int&nMty aldng the scan lines where Jiev re- 
corded with the A "A/Sear- menu eormnana with Medium sensitivity. 

2 0 Using the l-D/Editor menu command, the Background scan was 
subtracted -$rom the Sample scan:. Then the J ■'■D/Rss&lt.s menu 
command was selected and the Area t of the protease peak, as 
calculated by the CREAM"'' software, was used as the SBS-P&GXS 
purity of the proteases . 

25 
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The following results wsre obcadned; 
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Suc-AAPF-pNA (Sigma* S- 7388; was used for obtaining pH~ 
activity profiles, 

Assay buffer; iQQrrM succinic acid (Merck 1,00682), iQQwM 
» HBPES (Sigma H-3375) , 1.0 OmM CHES (Sigma CS238S) ., lOOmM CABS 
(Sigma C-5580) , imM CaCl,, ISQxM KCl s 0,01% Triton* X-100, 
adjusted to pH-values 3,0, 4.0, 5.0, 6.0, 7,0, 8,0, 9.0, 10<0, 
or II. o -with BCI or NaOH. 

Assay temperature: 3S?C. 

is & 3WXjtl protease sample (diluted in 0.01% Triton* X-lOO) 

was mixed with 1.5 ml of the assay buffer at the respective pK 
value, bringing the pH of the mixture to the pH of the assay 
buffer. The reaction was started by adding 1 . 5ml pNA substrate 
(5 Crag dissolved in 1 . 0ml DMSO and further diluted 4cx with 

20 0,011 Triton'" X- 100} and, after mixing, the increase in was 
monitored by a spectrophotometer as a measurement of the 
protease activity at the pH in question, The assay was 
repeated with the assay buffer at the other pH values, and the 
activity measurements were plotted as relative activity 

ss S9ainst pH. The relative activities were normalized with the 
highest activity (pH -optimum) , i.e. setting activity at pH- 
optimum to 1, or to 100%. The protease- samples were diluted to 
ensure that all activity measurements fell within the linear 
part of the dose -response curve for the assay, 

30 
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pH •■ fib .1 X .1 t y as s ay 

Suc-AAPF-pNA (Sigma* S-7388) was used for obtaining pH- 
stability profiles, 
5 Assay buffer; IOOrM succinic acid, lOOmM KEPSS, lOOmM 

CUES , lOOm CABS t im CaCi ; , ISOssM KCX f 0.01% Triton' X-100 
adjusted to pH- values 2.0, 2<5 f 3 . 0 ... 3.5, 4.0, 4.5, 5,0, 6.0, 
7,0, 8,0, 9.0, 10.0 or 11,0 with HC1 or HaOH. 

Each protease sample (in $m succinic acid, 2mM CaCl 2< 
%s IQSntM NaCl, pH €.0 and With aft % absorption > 10} was diluted 
in the assay buffer at each pH value tested to A &m *> 1.0. The 
diluted protease samples were incubated for 2 hours at 37*0. 
After incubation, protease samples ware diluted in lOCmM 
.succinic acid, IGQmM HBPBS, Mm CUES, loom CABS, imM CaCl if 
is ISQm KCI, 0.01% Triton* X-100, pH 9.0, bringing the pH of all 
samples to pH 9,0. 

In the following activity m&mreiximz, the temperature 
was 25°C. 

3ap/ii diluted protease sample was mixed with l.Stml of 
20 the pH 9.0 assay buffer and the activity reaction was started 
by adding 1. 5ml pNA substrate |S0n?g dissolved in 1,0ml DMSO 
and further diluted 4 5:< with 0.01% Triton* X-100 5 and, after 
mixing , the increase in &«, s was monitored by a 
spectrophotometer as a measurement of the (residual) protease 
23 activity. The 37*C incubation was performed at the different 
pH -values and the activity measur events were plotted as 
residual activities against pH. The residual activities were 
normalized with the activity of a parallel incubation 
(control), where the protease was diluted to A ;ss - 1.0 in the 
jo assay buffer as pH 9,0 and. incubated for 2 hours at S°C before 
activity measurement, as the other incubations. The protease 
samples ware diluted prior to; the activity measurement in 
order to ensure that all activity measurements fell within the 
linear part of the dose- response curve for the assay. 

35 
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Protasyme AK tablets were used for obtaining temperature 
prof lias. Profcazy«>a AK tablets are a^urine dyed erosslinked 
s casein prepared as cablets by Megasyme. 

Assay buffer c lOOmH succinic acid, IGOmM HE PES, lOGmM 
CHES, iQOrm CASS, ImM €aCi s , ISomM KCI, 0.01% Triton* X-100 
adjusted to pH 9.0 with NaOH. 

A Protazyme AK tablet was guspsxided in 2,0ml Q.OII 
io Tricon* X-100 by gentle stirring. SOtyfl of this suspension and 
500m1 assay buffer were mixed in an Eppendorf tube and placed 
on ice. 20 u I procaa.se cample {diluted in 0.01% Triton X-100) 
was added , The assay was initiated by transferring the 
Eppendorf tuba to an Eppendorf thermooixer, which was set to 
as the assay temperature . The tube was incubated for 15 minutes 
on the Eppendorf thermcmirer at its highest shaking rate:.; By 
transferring the tube back to the ice bath, the: as&ay 
incubation was stopped, The tube was centrif oged in an ice- 
cold centrifuge for a few minutes and the of the 
2.9 supernatant was read by a spectrophotometer . A buffer blind 
was ipoladed in the assay (instead of nhsyme) . A„ s {protease) 
A« S0 Cblind) was? a meaauretaent of protease activity, the assay 
was performed at different temperatures and the activity 
measurements were plotted as relative activities against 
2S incubation temperature. The relative activities ware 
normal iced with the highest activity (tempera cure optimum) . 
The protease samples were diluted to ensure that all activity 
measurements fell within the near linear part of the dose- 
response curve for the assay, 
30 An overview of the activity optima (pH- and temperature 
activity) is seen in Table 1. pH-stahi II cy , pH- activity and 
temperature -activity profiles are seen in figures 1-3, and a 
detailed comparison of the pH»stability data for the proteases 
at acidic pH -values is seen in. Table 3 , 
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$8b — and temperature o-ftt-.l^n-fofi va^Ietig proi-.eas^p 



Protease 


pH-optimusn 
(pHA- substrate; 


T e mpe r a t u re - op t i m 
at pH 9.0 
(Protasyme AK » 


Prom Bacillus 353, 
NCI MS A0AB4 


r ■ s - — 


so°c 


Sub . Mover 


10 


70 «C - 


Sub. Novo (Y217L) •• 


9 " 




SAVIMASS^' 




70 *C 



5 liable. 2 



Protease 


pH 
2 . 0 


pH 
2.B 


PH 
3,0 


pH: 
3 . 5 


p" 

4 .0 


PH 


s .0 


From Bacillus 
sp. nam 4 04 s 4 


0.0 oT 


"oTooT" 


0.428"" 


o/sIF 


"a7S9I 




"07391 




."go? 


"0-003 


0 , 000 


oTooo • 


"G.024 


0.78T" 


T . 942 


TuE:Ha;/bTY2I7Ll'''' 


"o':"ooo 


0.000 


"0:002" 




0.350" 




> . 996 




0 .001 


0.00.1" 


' 0 :001 


im 


" 0,338" 


"0,929™ 


o :?;. 



ao Abaor pU ao-p u rit y of . pu rm fi± . i a; oteasft sa m plga 

^te^mlaafcien- A&a/ftssd: ratio 

The %sa/&x&o ratio or purified protease samples is 
determined as follows. 

A 2fi; > m-&m the absorption of a protease sample at 2 60 nm 
is in a lorn path length cuvette relative to a baiter blank,. K us 
means the absorption of the ease protease sample at 280 m in 
a lew path length cuvette relative to s buffer blank. 

Samples of the purified proteases f re-. Examples 2 and € 
were diluted in buffer until the A, so readisu of the 
ee spectrophotometer was sithin the linear part of its response 
serve. The ratio was determined from the readings. 
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The fcliowmc issiiits oetainsa; 



Protease / m&t.il±$-in from 


'•0'*;;/0. >K;': 


Sub . Novo 


2 . 11 


.A.c . , v ^ . . C 




■ -< 


a . i2 


- , OCIMB 4 04 34 




Bacillus aicaiophilus, MCIHB 104 38 


l . 92 


Fuaar:h.Jtn oxysporum, IPO 44 71 


1.00 


Paecllomyces liiacxnus, CBS 102 44 9 


"t Q / 


Aspergillus sp., CBS 1024 4 3 


"■ 

.;. , sis 


0 w ; a ■ chr y sogenum, ATCC 40272 


2 . 04 


Aoremoniom kil iense, ATCC 20338 | 1.71 



h^sipl&~l 

febilittt^of the ptro.gaas&....deri.ved.....f rorn Bacfllua ap. nr.TMVi *mm 
s r^d^-ad&„ijag;0,luJs.U? parts of Soy B^sn Hfta.),.-iSBMj. 

ihe protease trapes Bacillus sp, Kf-C1MS 4Q4:84: was tested 
for its ability to make the insoluble / ind i p e a i: i b 1 a parts of 
SBH accessible to digestive epsymes and/or added exogeneous 
ansymes . 

io Its performance was compared to two aspartate proteases* 

protease X and Protease i.I, prepared as described in WO 
SS/02044> this document also discloses their use in feed. 
Protease I is an Aspergiilopepsin II type of proteose, and 
Protease XI an Aspergillopepsin 1 type of protease (both 

■is aspartate proteases, i e ppn-subtilisin proteases! from 
Aspergillus acuieatus (reference being made to Handbook of 
Proteolytic Snsymes referred to above}. 

The test substrate, the so-called soy remnant, was 
produced in a process which mimics the digestive tract of 

so mono-gastric animals, including : a pepsin treatment at pH 2, 
and a pancreatin treatment at pis 7 . 

Is the pancreatin treatment step a range of commercial 
snzymes was added in high dosages in order to degrade the SBM 
components that are accessible to existing commercial enzymes, 

2S The following ensymes, all commercially available from 

IJovooymes A/S, Denmark, wore added; ALCALOBB™ 2 .41,, NEUTRASE™ 
0.SL., PLAVOURZYME™ iOGOL, BNEE3EX™ L, BIOPEED TW Plus L t 
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FHYTASE NOVO™ L. The SBM used was a standard 48% protein SBM 
for feed, which had been palletised. 

After the treatmenu. only St of the total protein was 
left in the resulting soy remnant . 

The remnant was subsequently labelled with FITC 
{Molecular Probes, F- :143s as follows; Soy remnant (2 5 g wet,. ~ 
5 g dry) was suspended in 1 00 ml $, 1M carbonate buffer, pH 9 
and stirred 1 hour at 4Q*C. The suspension was cooled to room 
io temperature and treated with, fluorescein. 5 - isothiocyanace 
(FITC) over night in the dark. Son-coupled probe was removed 
by ultrafiltration ! 10. 000 Mw cut-off) . 

The FITC -label led soy remnant was used for testing the 

is ability of the proteases to degrade the soy remnant using the 
following assay: 0.4 ml protease sample (with A as ., « 0.1) was 
mi3ced with Q-,4 ml FITC- soy remnant (suspension of 10 Kg/ml in 
0.2M sodium- phosphate buffer pH 6.5} at 3?«c, and the relative 
fluorescence units (RFU 4 8S/535nm; exc i t at ion/mcni tor i ng wave 

2« length} measured after 0 hours, and after 22 hours incubation. 
Before determination of the efu, samples were cenirifuged for 
i fftbn at 20,000 x G and 2S0 micro-liter supernatant was 
transferred to a black micro -titer tray, Measurements were 
performed using a VICTOR 1420 Mult 1 label counter {In vitro, 

25 Denmark} . RFU is generally described by Iain Lb Johnson in; 
Introduction. to Fluorescence Techniques, Handbook of 
Fluorescent Probes and Research Chemicals, Molecular Probes, 
Richard P. Haugland, sT Sj edition, 1990 {I SB*-? 0 --9-552340- 0- 7} , 
A blind sample was prepared by adding 0.4 mi buffer 

so instead of ensyma sample. 

a^Uij* " where dRFU - RFU (23 hours) ■■ RFUfo 

hours) 

The resulting FlTC values CRFb sa!ts?is valxies) are shown in 
Table 3 below. The FITC values are generally with an error 
3S margin of */ .2 0.000. Contrary to Protease 1 and Protease XX. > 
the protease derived from; Bacillus sp. KCTMB 40484 degraded 
the soy remnant to a significant extent. 
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Tab": s 



Ahi i.ity....f 


if ....srst e 


S <£f i» «2 r ?-\ ? '< {-.v ■ vr : 
















! Protease 






i FITC (*/~2O0QQi 




j Bacillos 


sp. MCIf 


"IB 4 0484 






i Protease 






1 -9200 




| Protease 






I -1260 




Eaasagla i 











In vi tro 




.of. the. xjrot* 


.sasft derivred jxom .,Bac.t 1 l>.>.s «n. 





The protease derived from Bacillus sp. NCI MB 4 04 84 was 
tested together with other subtiiisin proteases such as Sub- 

19 Novo, SufoNcvo (Y217L) f SAVINftSE** and ALCALASE'* for its ability 
to Bolufeilise maize -S8M <maise--Soy Bean Meal) prQcedns in an 
automated In vitro digestion system (simulating digestion in 
monogastric animals) , For the blank treatments, maise-SSH was 
incubated in the absence of exogenous subtilisin- like prote- 

xs ases , 

The in vitro system consisted of 30 flasks in which 
maise-SBM substrate was initially incubated with HC1 /pepsin - 
simulating gastric digestion ~ and subsequently with pansrea- 
tin - simulating intestinal digestion. At the end of the gas- 

20 trie incubation period samples of in vitro digesta were re- 
moved and analysed for sdiubiilsed protein. 

10 g maiss-SBM diet with a maize-SBM ratio of 6*4 (w/w) 
was used. The protein content was 43% (w/w) iu SBN and 8,2% 
25 (v/W) in maize meal- The total amount: of protein in 10 g 
maise--SBM diet was 2,21 «, 

Pepsin (Sigma P-7000; 539 U/mg, solid), pancreatin 
(Sigma P-7S45; axU.S.P. {US Pharmacopeia) ) . 
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Components added to flask 


PH 


Temp. 


course 


USlated 
digestion 
phase 


10 g maize-SBM diet (6; 4}., 
HCI /pepsin (3000 U/g 
diet) f protease fO.X mg 
protease enzyme protein/ g 
diet) 


3.0 


- m g 


6»G 
min 


Gas uric 


mOM 


6.8 




t*60 

min 


intestinal 


NaKCC\/pane:cestin {$. mg/g 
diet) 


6. a 


40»C " 


F~90 

min 


Step incubation, xremeare 
aliquot 


?.o 




t»330 
min 



5 E&Z&BtjJSX^^ 

The iamount of protease enzyme protein is calculated m 
the oasis of the values and the amino acid sequences fasM.no 
acid compositions) using the principles exit lined in S.C.Gill & 
? - H - •''•on Kippel, Analytical Biochemistry 182, 31.9-326, (1383), 

1, 10 g ox substrate is weighed into a 100 ml flask, 

2, At time 0 win, 46 ml HCi (0,1 M} containing pepsin 
(3000 u/g diet) and I ml of protease (0<X mg enzyme protein/g 

is diet) are added to the flash .-while mixing. The flask, is 
inenbatsd at 4 0°C, 

3. At time 3 0 min, pH is measured., 

4. At time 4 3 min, IS ml of H ? 0 is added, 

- • At time 60 min, 7 ml of WaOH (0.24 H) is added, 
28 6 - As tisrse 90 min; S ml of NaHGCt {.IMl containing 

pandreatin (8,0 mg/g diet} is added. 

7, At time 12 0 sin, pH is measured. 

8. At time 3 00 min, pH is measured. 
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9. At time 3.30 min, samples: of 3 0 ml are removed and 
placed on ice before cent rifugat ion (10000 x g> 10 min, 4 a C)<. 
Supernatant s are removed and scored at .~.2#».ei 

s The content of soiubiiised protein in snpernatants from 

In-yicxrv digested samples was estimated by quantifying crude 
protein (CP) using gelf iltrat ion HPLC. Supernatants were 
thawed, filtered through 0.45 urn polycarbonate filters (Sar- 
torics/ ana dilated (1:50, v/v> with I-LO . Diluted samples were 

is chroma tographed by HPLC using a Ssperdex Peptide PE (7.5 k 300 
m) gelf. titration colurah i Global) - The ? 1 ue.cn. used for iso~ 
cratic elation was 5:0 #1 end i urn phosphate buffer {pH 7.0) con- 
taining ISO mM NaCl . The total volume of eluent per run was 2$ 
ml and the flow rate was 0,4 spa /mi n, Eiutj.cn profiles were re - 

is corded at 214 nm and the total area under the profiles was de- 
termined by integration. To estimate protein, content from in- 
tegrated areas, a calibration curve Xa%0u£9.93:) was made from a 
dilution series of an in vitro digested reference maisse-SBM 
sample with known total protein content. The protein determi- 

scs nation in this reference sample was carried out by the Kiel - 
dahl ftethOd (determination of ■! nitrogen; A.O.A.C. {1984} ®£? 
ficial Methods of Analysis 14 K * ed., Washington DC} - 
ae.snii.a 

The result a, i.e. the effect of the various proteases on 
ss protein solubility in vitro, are shown in Table 4 below. 

The calculation of relative amounts of solub.ii.ised pro- 
tein is based on the total amount of protein, in 10 g maize- 
sm diefc '2.21 g protein) dissolved in a total volume of 75 
rtd during the in vitro digestion, reaction. Assuming complete 
SO protein solubilisation {100%}, the protein content in super- 
natant s would be 2.SS1 weight per volume, 

The results were analysed by one-way analysis of vari- 
ance; P :O).0 00i;. SO i: Standard Deflation; n - the number of 
replicas per treatment (r^t; . 
35 The protease derived from Basil ins Bp, HCSMB 40484 has a 

significantly better effect on protein solubilisation as com- 
pared to the other proteases. 
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| Knsyra© 

j 


Soluble CP i 

| SB 

C% of total) | 


Protease from Bacillus sc. NCIM8 
4 0484 


78 . 6 A 


0.4 8 


Sub . Novo 

. . ^. WAW ^^^^ ., . . ....... .^.^ ,,,,, . 


78.7 s 


0.3 7 


ALCALAS B rw 


73.9 £: 


1 .: 04 


Sub, Novo (Y217L) 


75 . 8 8 


0,91 


SAVTNASE™ 


7S.8* 


0 . 8 S 


Blank 


7s. e s 


0.B8 


A, B, u'; va.ivs<:s not shariag a ccmrftcxs index .letter differ a igui f Scam: ly 



s ;i> < 0,05; 

QBgrid BL l on ,, of t h^^hsc.tdxi..,, SB h and the TOybft ^n Ba w ma n -Bir . fe , ., ^ 

w ability of the protease from Bacillus sp, MGXMB 

40484 to hydrolyse soybean agglutinin. (SEA) and the soy 
Bowrosn-Bl r k and Runitz trypsin inhibitors was tested. 

Pure Stt (Fluka 81763)., |k?Msan-eirk Inhibitor (Sigma T~ 
§777} or Kunitz Inhibitor (Trypsin Inhibitor from soybean /: 

is Bbehrlnger Mannheim 109886} was incubated with the protease 
for 2 hours, 3?*C, at pH SOS (protease; ant i - nut r i t iona 1 
factor * l;lo, based on . Incubation buffer i SO nM 

dixaethyi glutaric acid, 180 m PaCl , 1 m CaC'P, 0 ,01% Triton 
X-i00 f pH 6.5. 

20 The ability of the protease to degrade SB A and the 

protease inhibitors was estimated from the disappearance of 
the native SBA or trypsin inhibitor bands and appearance of 
low molecular weight degradation products on SOS -PAGE gels. 
Gels were stained with, Coomassie blue and band intensity 

xs determined fey scanning. 

The results, as % of anti-nutritional factor degraded, 
are shown in Table S below. 

It is contemplated that the ability to degrade the anti - 
nutritional factors, in soy can also be estimated by applying 

30 the Western technique with antibodies against SBA, Bowman -B irk 
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Inhibitor or Knnits Inhivltoz after incubation of soybean tneal 
with the candidate proteases (see W0»/5S2SO) , 



Sables 



Protease 
derived from 


SBA 


Inhibitor 


Kunitc 
Inhibitor 


Bacillus sp. 
NCI MB 40484 


21 ™ 


^^s^^^,, w , x 


'loo — — 



EXiMimlS-Oi 

gre parat ? an.^ l..xh^ E^ci H ue a :s o* ) nphn n W p ^^ ffla 

Bacillus alealophilus MCI MS 10438 was inoculated from a 
10 freeze dried culture into shake flasks each containing 100 ml 
BOX medium with the following composition: potato starch 100 
g/1, barley flour SO g/1, &m soo hg (obtainable from 
hovozymss A/S) 0 , 0 S g/1, soditjm caseinate 10 g/1, soy meal 20 
g/1, di -codiumphosphata 0 g/1, Plutonic BE £100 0,1 ml/I in 
is tap water. The pH was adjusted to 9.7 with 10 ml m sodium 
sesguiearbonate in each shake flask before inoculation. The 
strain was fermented for 4 days at 30 decree C at 300 rpm. 
From this culture new shake flasks containing 100 ml BPX 
medium were inoculated and fermented for 3 days, 
so 2uavif iciitlon 

The culture broth was cencriiuged at 10000 x g for 30 
minutes in 1 liter beakers. The supernatant s were combined and 
further clarified by a filtration chough a Seit - k-250 depth 
filter plate. The clear filtrate was concentrated by 
2S ultrafiltration on a 3kDa cut-off polyether salfone cassette 
(Filtron) . The concentrated enzyme was transferred to SOmM 
H,B0 5 , $m 3, 3 ' -dimethyl glutamic acid, IfM CaCl 3f pH ? (Buf fer 
Aj on a G2S Sephadsx column (Amersham Pharmacia Biotech) , and 
applied to a Bacitracin agarose col mm (Upfront Chromatography 
30 A/S) equilibrated in Buffer A . After washing the Bacitracin 
column with Buffer A to remove unbound protein, the protease 
was eluted from the column: using Buffer A supplemented with 
25% 2-propanoi and 1M sodinm chloride. The fractions from the 
Bacitracin column with protease, activity were pooled and 
.35 transferred to 2 0mM CKjCOOlI/NsOH, XitM CaCl S : f pH 5 (Buffer B) by 
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G2S Sephadex chromatography. Tfe&- barffer exchanged protease 
pool was applied to a SOURCE 3 OS' column {Amersham Pharmacia 
Biotech) equilibrated in Buffer 8. After washing the SOtffiCE 
30S column with Buffer B, the protease was elated with an 
5 increasing linear Mad gradient (0 to: 0.5U) in Buffer b. 
Fractions from the coluxm were tasted for protease activity 
and protease containing fractions: were analysed by SDS-PAGE. 
Pure fractions were pooled and used for further 
charaetarisat ion - 

The proteases of Fusarium oxyeporum 1F0 4471, Bacillus 
alcaiophiius NCI MB 1043a, Paeciiomyces lilac inus CBS 10244SC 
Aspergillus sp, CBS 102448, Acremonius; chxysogennm ATCC 48272, 
and Acrsmonium hiiiense ATCC 20385 were prepared using 
15 conventional methods, as generally described above for the 
protease of; Bacillus alcaiophiius, NCI MB B043£y 

The following partial amino acid sequences were 
determined; 

2* Sm .11? .MQ.:^X 

^terminal of the protease derived free. Acremonium 

chryaogenum ATCC 4 32.72; ALVTONGaPVJGLQTIFHFOPGSTSYXY ; 

terminal of the protease derived from Bacillus 
25 alcaiophiius NCTMB 10438; HQ V T FWG I TR BQA PTA w ; 
aEa.aihiliiu„.u 

N- terminal of the protease derived from Paecdlofmyces 
liiacinus CBS 102449; A x TQQPGA P^LGE I SB ; 

N- terminal of the protease derived from FusariuR; 
oxysporum IFD 44 71; ALTTQSGATmBGTVBHBSRGS . 

The ammo acid sequence of the protease derived from 
Bacillus sp. BCJFiB 40484, SSQ t r he rein t had been 

previously determined (see US patent mo. 5, 650,320, SEQ ID 
CPs ; 4, 0 and S} . 

30 A search in public protein databases for related 

sequences revealed the following: 
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Sm..XD... NQ j 6 

Qenessqp/r65S>36 (referring to the protease of 
Paeeilomyces lilacinus CBS 14 3.75 of BP €23 672} - related to 
SBQ ID NO: 3? 
5 £10 ID MO; 2 

Gansseqp/r?4334 preferring to the protease of Bacillus 
Bp. THS-IGOI of JP-070&5S82} - related to SEQ ID NO; 2. 



The strains of Paecilotayces lil acinus and Aspergillus 
iq sp. have been deposiced according to the Budapest Treaty on 
the International Recognition of the Deposit of. Microorganisms 
for the Purposes of Patent Procedure at the Centraalbureau 
voor Schimrael cultures (CSS) , P.O Box 273, 3740 AG Baara, The 
Motherlands, as follows. 



1.5' 



Deposit date 
CSS No , 



17 January 2000 
Aspergillus sp, 102448 
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Deposit date 
CSS No. 



17 January 2000 

Pa&cilomyGes lilacinus 102445 



The deposit® were made by i^ovo ^ordisk A/S and were 
later assigned to Hoffmann -La Roche AG. 
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h^oiill«...r 
^racdtiLrdjmtX^ 

The proteases prepared from Bacillus alealophi. lus NCI MB 
3D 20438, Fussrihm oxysporum I?Q 4471, Paecilemyces lilacinus CBS 
102449, Aspergillus sp. CBS 10244$, Aeremonium chrysogsnmn 
ATCC 4 82 72, Acreax>nium fciliense ATCC 2 0338 are all. 
subtilisins. 

The purity of the protease samples was determined as 
35 described in example 2... 
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The following results were obtained; 



Protease 


SDS-IAGE 


Sao ill. us slcaAophiias MCI Mi 10438 




Pusarium oxysporarss IFO 44 71 


n.ci. 


Paeciiorayces iiiacinus CBS 102449 


m • 


Aspergillus sp. CBS 102448 




Acremon.ium chrysogenum ATCC 48272 


" >s . • 


Acremonium kille-ise ATCC 2033§ 


n - d - , , ! 



rj.d, noc determined 



The pH- activity, pH- stability and temperature-- activity 
$ assays are described in Example 2 {the pNA substrate Suc-AAPF- 
pNA ('Sigma S--73S8) was used for all of the proteases for pH~ 
activity and r Stability profiles, whereas Protasyme AK tablets 
were used for the temperature profiles? - 

An. overview of the actXvxtf optima ipH- and temperature 
■o activity), is seen in Table 6, pH-stabillty, pH -activity and 
fcemperature-aptivity profiles are se«n in figures 4-6 f and a 
detailed comparison of the pH-stabii ity data for the proteases 
at acidic pH -values is seen in Table ?. 



s Table... 6 



Protease 


pH- 
optimum 


Temperature- 
©ptimtira ( : »tj 


Bacillus aloaiophiiua NCI MB 10438 


9 


~ ' 70 


, rusarium oxysporum XFO 4 4 71 


11 


60 "' 


^ Paeciiomyess iiiscxnus CBS 10244a 




60 


Ayp-'i ii.n;s rp. c:> 1)244^ 


~ iQ 






Acrsmonium curvsoqenum ATCC 4 82 "2 








Acremonium kx ileus s ATCC tJTsB ' 


11 


* 70 
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Tafela....! 

iak.s&abilit:^..o^^ between r>w 2 ■ a nn6-J*Jl 



P ro c a a s e \ p H 


2 . 0 


2 , 5 


■1.0: 


■~-~- J -.^..^.v 

; 3.5 


4 , 0 






Bacillus 
aicalopb.il us 

A. 1 Pitt .:. 0 4 3 


[ 0 , 007 






I 07844 


0,00 5 


""1,017" 


1.038 


Fu sari urn 

oxy b p ©rum j FO 

44 71* 


0 , 000 


oTocRT 


0.003 


| 0 . 64 9 


0 . 929 


1 . 030 




Paec i lcmyces 
Ill-acinus CBS 
102449 


0,9:02 


"oTdd3 


0 . oos 


0.4 50 


0. 8S7 


1.000 


0.947" 


Aspergillus 
sp" v CBS 102448 


0.002 


0.002 


0.002 


0 . 532 


0.860 


0 , 970 




Ac re men i urn 
ebryscqenura 
&TCC 48272 




""oTdoi 


0,001 


0.8 09 


0.8M 


"0.972 


1.005I 


Acremonivsn 
kiliimse ATCC 

20:33 s 


C .000 


oTooT 


"0.023"] 
J 


0,412 j 


0,843 


"5"": 955 


1.0 09 



Inhi b i .tio n,.. of prote an -with Frr*snt omvc<»ai suht unnn mMh<»™. 
IMX1 

pm substrate: SacHS$#F-p»A (Sigma® S-7 388} was used for 
measuring residual activity after inhibition. 
1.0 Assay buffer; lOOmM succinic acid (Merck 1,00682):, lOOraM 

HE PES (Sigma K-3375), O.H5cH CHES (Sigma C--238S) , lOOmM CABS 
(Sigma O5580) , 1?«H CaCl t , 150mM KC1, 0.01% Triton* X-10Q. pH 
9.0. 

Assay temperature: 2 5 !> C. 

1S SSI was. purified from a Str®ptOMye&s zlbogziseolus 

FZm P-1205 { S -3253) fermentation supernatant by chromato- 
graphy. The used SSI preparation had a purity above 98« - the 
purity was determined by the procedure described in Example 
2A , Alternatively, SSI can be obtained from iTako in Japan, 

20 catalog no. 383-05201, manuf secured fey Daiwa Kasei K.r(» {see 
eg; 

tottpz /f&Hkvch. mkQ^vh&m. cb.-*-5p^xi««dl? w fe/li|«^ocs e/44834 .asp; , 

Before the below inhibition assay, SSI was diluted in 
0,01% Triton X-100 to A 23S concentration - 0.010. 
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Protease; The used protease had a purity above 95% ~ the 
purity was determined by the proeedare described in Example 
211- Before una below inhibition assay, the protease was 
diluted im 0.01% Triton X-dOO to A 2£S concentration - 0.010. 
3 The inhibition of the proteases by the Streptomyces 

Subtiiisin Inhibitor (SSI) was determined by the following 
procedure; 

A 300pi protease sample (R 2 m concentration ~ 0,0105 was 
mixed with 300ui SSI concentration «» 0,010; and 1.5 sd 

10 Assay buffer. After 15 no notes incubation at room temperature, 
the residual activity was measured by adding 1,5ml pM 
substrate ■SOmo dissolvao in 1,0ml DdSO and further diluted 
45:2? with O.Gil Triton 55 X-100} and, arter mixing, the increase 
in i^i. was monitored by a spectrophotometer . As a control (no 

is SSI), 3:00ul 0.011 Triton X-100 was used instead of SIT, 

The residual activity was normalized with the control 
activity In© SSI 5 , i.e. no inhibition by SSI will give 100% 
residual activity and full inhibition by SSI will give 81 
residual activity. 

2D 

The following results were obtained;; 



Protease, subtiiisin from 


Residual activity 


Bacillus so. , it it P. -holt 4 


— -B — - 


Bacillus a m y 1 o 1 i o u e £ a o i en s 


0 , 1 


Bacillus anwiolrquotaciens { Y 2 1 7 L } 


0 .. 0 


Basil ins eiausii,. iOavinase®? 


0.0 


Bacillus aicalooh:i ins , hCXHB 10438 


0.0 


Fusaraum cxysporurs IFO 4471 


0 . 1 


Faeeiiomycss 1 ;.la ;:xnas, CBS 102449 


0,1 


Aspergillus an, , CBS 102440 


0 . 1 


Acrsmonium chry so cecum, ATCC 4 8272 


— i 


Aersmonrum hill prise, ATCC 00330 


n . o . ' _J 



* nut da tar-si neb 



MridUiry ol & irt±a r a cia -sfi ab l fe — gu btjMfmv* to ^g*^* 

The £ archer acid- a cable subtil isins prepared as 
S described in Example 6 were tested as described in Example 3 
for their ability to make the insoluble/ indlgest idle parts of 
SBM accessible to digestive enzyme- md/ox added exogenaoirs 

The results obtained are shown in Table 8 below. For 
io comparison,, the results obtained in Example 3 for proteases I 
and II are included also in Table 8 . 
.Iad«.e....i 



Protease., snot ill sir, :r;r 
BacX 1. 3. u s a 1 c a 1 op h > i us 
NCI MB 10436 


- ^4d?35s-i=: 


Pusariun oxysparvtm IPO 44 71 


1022 00 ' 


Paecixomyces iilacinus 
CBS 1024.4 9 . 


93700" " " 


Aspergillus: sp. 
CBS 102-148 


123400 ~ 


Acressoai utn oh rysoaermn* 
ATCC 4 3272 


as 600 


Acremdsiium kdiiense 
ATCC 20330: 
uro tease I 
Protease 11 


94 600. 

-mm 

"'" ""-"1200 1 



is £3iai£pi.e.Uii. 

MIggb? d?^ the ac id -s table saBtl ii-slho-^M v;sd from Eaci.I ius 
$P.±...mmB mm &n growth- se*f^rman£e- of toiler chickens 

The trial was carried cur at the Rcche Research Center 
for Animal Nutrition (CRNA, F-MQS Tiliege-Neut, France} in 
20 accordance with the official French instructions for eroeri- 
roasts with iiva rri^d. Day-old broiler chickens {'Ross 
PM3*;)< separated by sex, were supplied by a commercial hatch- 
ery. 

The chickens ware soused: in wire-floored battery canes,, 
ts which were kept in an en virenrrsen tally controlled room, Feed 
and tap water was provided ad libitum. 
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On day 3, the chickens were divided by weight into groups 
of 6 birds, which were allocated to either the control treat- 
ment, receiving the* experimental; diet without enzymes, or to 
the enzyme treatment, receiving the experimental diet supple- 
s mantes with 100 mg enzyme protein: of the Bacillus sp, NCIMB 
-1048 4 protease per kg feed. 

Each treatment was replicated with 12 groups, 6 groups of 
each sex. The groups were weighed on days 3 and 29- The feed 
consumption of the intermediate period was determined and body 

io weight gain and feed conversion ratio were calculated. 

The experimental diet based on maize starch and soybean 
meal (44 1 erode protein! as main ingredients (Table 9} was 
produced in the CRhA. The teed was pelleted (die configura- 
tion;.. 3 x 20 nsri) at about 7Q* : £ : , &n appropriate amount of the 

IS Bacillus sp. miHB: 40484 protease was dilntod in a fixed; quan- 
tity of water and sprayed onto the pelleted feed. For the con- 
trol treatment, adequate aiaopnts p£ water were used to handle 
the treatments in the same way, 

For the statistical evaluation, a two factorial, analysis 

28 of variance (factors; treatment and sex:) was carried out, us- 
ing the GLM procedure of tno OAS package (SAS Institute Inc. , 
1985*. Where significant treatments effects (p < 0.01- were 
indicated, the differences between treatment means were ana- 
lysed with the Duncan test. Due to technical reasons, one cage 

as of the enzyme treatment was excluded from the statistical 
evaluation, 

In Table 2 the results of the growth performance of the 
broiler chickens from day 8 to day 2 9 are listed. There were 
no interactions between treatment and sex, therefore the 

ro pooled results of both sexes are presented. The supplementa- 
tion of the experimental diet with: Bacillus sp, >iCIMB 40434 
protease improved weight gain numerically by 6,0 %. The addi- 
tion of the protease increased the feed intake slightly by 3.1 
%. Bacillus sp. mim 40484 protease improved the feed convex™ 

35 sion of the .broiler chickens aignif icsntiy by 3,4 %. 
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Taking into cons iderat ion that maize starch is a highly 
digestible ingredient, it can be as shifted that the observed ef- 
fects were mainly dee to the act ion of the enzymes on the soy- 
bean m&i. Therefore, the results indicated chat the nutritive 
3 value of the soybean meal was improved by the Bacillus sp. 
HCXm 404 B 4 protease . 

In conclusion, the study demonstrated that supplementa- 
tion of broiler feed containing high amounts of soybean meal 
with the Bacillus sp, ^CIMB 40484 protease at 100 mg enzyme 
to protein / kg feed resulted in a numerical increase of weight 
gain and a significant improvement of feed conversion., 

EEC {1936}; Directive de la Commission du 9 avril 1986 fixant 
is la methode de caleu! de la vaieur eeereetique des aliments 
composes destines a la volatile. Journal Official des Com- 
munautes Europeennes, 1130 , 53 - 54 

3AS institdte Jnc, {1985}: SAS® User's Guide, Version 5 Edi- 
2D tion . Cary NC 
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Table 9 

Composition, of the experimental diec 



1 

j Ingredients (%} : 


: 


Ma it® starch 


■45,80 


1 Soybean rseai 4 4 1 


44.40 


<i .:. X O w 


3,20 


SoyOean oil 


1.00 


DL-Hethionine 


0.16 


MCP 


0.76 


Salt 


0.05 


Binder 


1,00 


Vitamin and mnerai premlj? 


3.55 


Ava*.;:-.:? 15% CC 2 


0.06 


IKt i3i2 z -° content: 




Crude protein (1) 


19.3 


HE, N-corrected (MOV kg} 3 


12.2 


Crude fat 


5,3: 



s 1 analyeed content; SO. 6* dry jnattsu:, 45,31 crude protein* 5 oi 
prudss fat, 4 *f% crude fibre 

J corresponded to 90 jug iasalocid-K-u / kg feed a;s antisPceidial 

calculated on the basis <<t analysed nutrients content (EC- 
equat Ion; EBQ, 1986} 



Sa^llfy of teed ingredients 

Baize starch: Roquettea E'reres, F- 62-13.6 Lest rem, Fiance 
IS Soybean meal 44: Rskasan GiubH, Q 01238 Kaulsdcrf , Germany 
Taiiovi Fondoirs Gachot 3h s F-67100 Strasbourg, France 
Soybean oil: Swoco Sari, F-68 370 Guemar, France 
D.L~Methionincc Produ.it Roche SA, F-92S21 Hea.il.I y-enr-Seine,. 
France 

20 HCPi Srenntag Lorraine, F-~S420Q : a'oul, France 

Salt; Minoterie Mederne, F-68S60 Hirainoue, France 
Binder: Hinoterie Hoderne, F-6SS60 Hiraangue, France 
Sresux {AM vol. chair NS 4231} j Agrobass, F-01007 Bou.rg-~en- 
Bresae, France 

as avai-ec: Prodait Roche Sh, F-92S21 Meuiliy~S:ur-Seine, France 
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Table 10 

Pgrf org noe o| ore ; 1 chickens f rom days 9 to 29 
5 Fooled results of both sexes? mem ± 3t,dev. 



Product 

Dose per kg 
tee a 


Cent rol 
0 


Bacillus sp» 
HGIHB 404 S4 pro- 

100 mq enzyme 
protein 

x I X 5> 


Weight gain 


1155 * 


1231 A 


fg/bird) 


i 94 


± 98 


ft; 


20£,0 




Feeo intake 


1941 A 


2002 A 


(g/Mrdi 


± IDS 


t 145 


ft; 


100. 0 


103. 1 


Feed conversion 


X.. 684 A 


1,627 8 


■Cg ,Seed/g gain .3 


i 0.069 


± 0.031 


ft; 




96. 6 



Means within a row, not sharing a -covmon superscript are sigMfl- 
ceo ti.3 >: different (p < 0, 05) 
io ; Due to technical reasons, eacse was excluded from t'h« statist!- 

cat evaluation 
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Zx &mix. . „, &a d — disfca__lor turkey. ^4 . fsal -ftasnja?; ...ffup pl^rrj ^t^d ™i 

acid-stable- g»ht.iH^» p ^teaftft , 

A preraix of the following composition is prepared icon- 
5 tent per kilo) t 





;\ ■•*• A 


IB 


V -it.ar.vin A 




'! •"• ."\ •••• 

i. U U U U U Kt 


.1 '('.. 


Vitamin D3 




1 3 3 3 3 


m 


Vitamin E 




1000 




Vitamin K3 






mg 


Vitamin 81 




2 5 0 0 


sng 


Vitamin B2 




1 ^ 

3.5 00 


mg 


Vitamin BS 




706i? 


mg 


Vitamin B3.5 




1 2 3 J „-i 


mg 


Niacin 




3 3333 


mg 


Bio tin 




300 


mg 


Folio Acid 




3000 


mg 


Pantho t nena t © 




1.666 


mg 


Cu 




16666 


mg 


Fe 


go 


IS 6 6 6 




Zn 




23333 


mg 


Mb 




133 


mg 


Co 




6 6 


mg 


I 




66 


mg 


Se 


23 


5.8 


% 


Calcium 



To this premix is added Bacillus so. NGIMB 40484 prote- 
ase prepared as described in Example 3 in an amount, corre- 
sponding to 10 g protease en syme protein/kg, 

30 Pelleted turkey starter and grower diets with, a composi- 

tion as shown in the below tabM {on the basis of Leeson and 
Summers, 1997 foot recalculated without meat meal by using the 
AGROBOFT*, optimisation prooram) and with 100 mg protease en - 
zyvm protein per kg are prepared as follows : 

35 Milled maize, Soybean meal, Fisb-meal and Vegetable fat 

are mixed in a cascade mixer. Limestone, calcium phosphate and 
salt are added, together with the above premix in an amount of 
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10 g/kg diet., followed by mixing, The result ing mixture is 
pelleted (steam conditioning followed by the pelleting step). 



| Ingredient 

| 


! 'C? V" ■ ."a 

s a c<x.r u « ic 

| diet, g/kg 


g/&g 


i Smr slier 
1 


i Mai ze 


j 454 .4 


512 . 5 


[781 .0 


J Soybean cneai 


| 331 


279 


j g £ . 7 


j Fish meal 


i 70 


2 9,9 


70 


1 Vegetable tat 


[Ti 




4 6 


Li me scone 




TsTs' 


„™ 


Calcium phosphate 


30 "~ 

, 


25. 9 


16 . 8 


. .. 

(Saj.t (rf'lt--; 




••■j 




erai pretax* 


"To 




.1. V 














4 ■ 4 


•v f • ~" 


G&Ieulated nutri- 
ents 








Crude protein g/kg 


21B 


213 


152 


ergy MJ/kg 


"1273" 


12.7 ~ 


14 ; r ■ ■ 


Calcium,, g/fcg 


is 7§ ~ - - 


12.7 




Available" "plSgho"-"" 
rus , g/kg 




S . 4 


4.S' 


Lysine,, g/kg 




12.8 


7.5 


Methionine, g/kq 


6 , 1 


'T7§ ' 


6 . S 



Two diets for Salmdhidis are also prepared, as generally 
5 outlined above. The actual compositions are indicated in the 
Table below (compiled from Refseie et al {1998} ■, Aqaacultnxe, 
vol. 162, p. 30 1 -302) . The estimated nutrient content is recal- 
culated by using the Agro-soft® feed optimisation program. 

The protease derived from Bacillus sp> NCI MB 4 04 84, pre- 
is pared as described in Example 2, is added to the diets in an 
amount corresponding to 190 rag protease enzyme protein per kg. 
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Ingredient 




Co£nre»fci©»ai diet 
with fish steal 


Alternative diet 
with soybean meal 




24S,3 






~$oT o — 


™™ _ „. 

■ -> \j .• v 


"sB^biinlniil 




339.0 


"Fish oil 


185.0 


"Ml" •' 


DL-Me- ivciin;. 


13,9 


TT.T 


; Mono -Calcium phos- 
i phase 




2,0 — ■ 


| Vitamin and Mineral 
| premix + pellet. 
| binder arid astaxan.- 
thin 


50 . 8 










Calculated nutri- 
ents {fresh weight 
oasis? 






Crude n rote in a/kn 




TIT- - ~ ■ 


Crude tat a/ka 


A* w jCy 


247 


Metaboii sable en- 
ergy MJ/kq 




I 

_ j 


Calcium, g/kg 




S.8 - - 


PliospHprns, g/kg 


"To :§ 




Lysine, g/kg 


27.7 


j— .... — 


Methionine, g/kg j 24.4 


31.6 - 



The purity of protease- containing enzyme products, e.g. 
3 protease preparations such as commercial mitU.i -coTmoonsot. 
enzyme products, can be determined by a method based on the 
fractionation of the protease- containing ensysne product on a 
sise-exciusion column, Si se -exclusion chromat ography , also 
known as gel filtration chromatography, is based on a porous 

10 gel matrix {packed in a column) with a distribution, of pore 
sises comparable in size to the protein molecules to he 
separated. Esiatively small protein molecules can diffuse into 
the gel from the surrounding solution, whereas Larger 
molecules will be prevented by their size, from diffusing into 

IS the gel to the same degree. As a result, protein molecules are 
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separated according to their sise with larger molecules 
elating from the column before smaller ones. 

The protein concentration in protease-- containing enzyme 
s products is determined with a BCA protein assay kit from 
PIERCE (identical to PIERCE cat, Ho. 23225) . The sodium sale of 
Bieine.hon.inie acid (BCA) is a stable.,: water- soluble compound 
capable of forming an intense purple complex with cuprous ions 
{Cu**} in an alkaline environment < The BCA reagent forms the 

io basis of the BCA protein assay kit capable of monitoring 
cuprous ions produced in the reaction of protein with alkaline 
Cu** (Biuret reaction; , The colour produced from this reaction 
is stable and increases in a proportional fashion with 
increasing protein concentrations (Smith, V.K. , at al, {1985}, 

is Analytical Biochemistry, vol . ISO, pp. 76-85). The BCA working 
solution is made by mixing 59 parts of reagent A with I part 
reagent B (Reagent A is PIERCE cat, Ho. 2 3 223, contains BCA 
and tartrate in an alkaline carbonate buffer; reagent B is 
PIERCB cat . m*. 2:3224 f contains 4% CuS0y*5B;0; , 3 00ul sample is 

28 mixed with 3d ml BCA working solution. After 3.0 minutes at 
37%, the saasple is cooled to room, temperature and A, ss> is read 
as a measure of the protein concentration in the sample. 
Dilutions of Bovine serum albumin (PIERCE cat. No. 23209/ are 
included in the assay as a standard, 

2z Sm^l^rs^Lr's&t merit,,,, 

If the prot ease •• eonta i nihg enzyme product is a solid, 
the product is first dissolved/ suspended in 2 0 volumes of 
H,E0 5 , 10m .3 , 3 ' --dime-thylglutaric aeid f 2-nM CaCi,, pH € 
(Buffer Ai for at least IS minutes at She, and if the enzyme at 
3 0 this stage is a suspension, the suspension, is filtered through 
a 0.45a filter to give a cleer solution. The solution is from 
this point treated ss a i Iqnid protease -containing enzyme 
produc t . 

It the protease -containing enzyme product is e liquid,. 
3s the product is first dialyaed in a 6-80G0 Da cut-off 
SpectraPor dialysis tube (cat.no. 132 670 from Spectrum 
Medical Industries) against ion volumes of Buffer A -s- ISOmM 
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had (Buffer B) for at least ;8 hours at SfC.. to remove 
formulation chemicals that could give liquid protease- 
containing enzyme products a high viscosity. which is 
detrimental to the si as -exclusion chromatography , 
S The dialysed protease -containing ensyme product is 

filtered through a 0.4Su filter. If a precipitate was formed 
during the dialysis . The protein concentration in the dialysed 
ensyme product is determined with the shove described protein 
concentration assay and the enzyme product is diluted with 
10 Suffer B, to give a sample ready for si re -exclusion 
chromatography with a protein concentration of 5 nig /ml. If the 
enzyme product has a lower than 5 mg/ml protein concentration 
after dialysis , it is used as is. 

is A 30 0ml HiLoad2S/60 Superde:>??5pg column (ATmrsham 

Pharmacia Biotech} is equi 1 iferated .in Buffer B fFlpwl 
Iml/mih) . 1 ♦ 0ml of the protease-containing enzyme sample is 
applied to the column and the column is eiuted with Buffer B 
{Flow; Ifsl/minh, 2 , 0ml f ractions are collected from the outlet 

20 of the column, until all of the applied sample have eiuted 
from the column. The collected, fractions are analysed for 
protein content (see above Protein concentration assay) and 
fpr protease activity by appropriate assays. An example of an 
appropriate assay is the Suc~AAPF»p»JA assay (see Example 2B| . 

as Other appropriate assays are e.g. the CPU assay (se Example 
1} , and the Protazyme AK assay {see Example 2D) , The 
conditions, e.g, pH, for the protease activity assays are 
adjusted to measure as many proteases in- the fractionated 
sample as possible. The conditions of the assays referred to 

3& above are examples of suitable conditions. Other suitable 
conditions are mentioned above in the section dealing with 
measurement of protease activity. A protein peak with activity 
in one or more of the protease assays is defined as a protease 
peak. The purity of a protease peak is calculated as the 

35 protein amount in the peak divided with the total protein 
amount in ail identified protease peaks. 

The purity of a protease -containing enzyme product is 
calculated as the amount of protein in the acid-stable 
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protease peak divided with tie protein amount in. all 
identified protease peaks using the above procedure. 
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CLAIMS 



1 . Use of at lease one acid-stabis protease in animal feed, 
wherein the protease 

s (i) is of the subtil isin family; and / or 

(ii) has less than IGt residual activity when, ixihibited 
with SSI. 

2. Use of at least one acid -stable protease in the 
lis preparation of a composition for use in animal feed, wherein 

the protease 

(i) is of the subtil is in family; and /or 

{ii} has less than 10% residual activity when inhibited 

VI t ll SSI <-: 

as 

3, The use of claim 1, wherein the dosage of the protease 
is 0, Si -30 q mg protease enzyme protein per kg feed . 

4, The use of claim 2, wherein the intended dosage of the 
m protease is 0 . 01-200 mg protease enryme protein per leg feed, 

S< M. method for improving the nutritional value of an 
animal feed, wherein at least one acid- stable protease is 
added fee the feed, and ^herein the protease 
is {ill is of the sufatilisin family; and/or 

(ii) has less than 10% residual activity when inhibited 
with SSI . 

6. An. animal feed additive comprising 
30 ia) at least one acid-stable protease ; and 

lb) at least one fat-soiufoie vitamin, and/or 

(c) at lease one water -soluble vitamin, and/or 

id) at least one trade mineral, and/or 

(e5 at least one spcro tsinersi; 
3 5 wherein the protease 

(i) is of the subtil lain family; and /or 

(ii) has less than 13% residual activity when inhibited 
with SSI . 
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7, The animal feed additive of claim 6, wherein the amount 
of the protease corresponds to an iatandsd addition of 0.01- 
200 mg protease protein per kg feed. 

5 

6. The animal feed additive of any one of claims $-7, which 
further comprises phytase, xylanase, gaiactaaase, and/ or beta- 
glueansse , 

io 9, An animal feed composition having a crude protein 
content of 50-800 g/fcg and comprising at least one acid-stable 
protease, wherein the protease 

(i) is of the enbtilisin family; and/or 

511) has less than 10% residual activity when inhibited 
is with SSI ... 

10. The animal feed co^osifeion of claim wherein the 
amount of the protease is 0,01-200 mg protease protein per kg 
feed . 

m 

11. A method for &he treatment of vegetable proteins ,■ 
comprising the step of adding at least one acid-staMe 
protease to at least one vegetable protein or protein source, 
wherein the protease 

as it) is of the sufetilisih family; and/or 

(ii) has less than 10% residual activity when inhibited 
with SSI . 

12. The method ox claim 1.1, herein soybean is included 
30 amongst the at least one vegetable protein source. 
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1 ,25 
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0,5 1 



0.2o .1 




-o. _ \ 
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0 1 
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ATCC 48272 
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ATCC -20338 
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Fig. 5 
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WO M/SB27S 



1 



PCT/EP01/S11S2 



■<II0> r. Ba.f.mmn~l;*. Eo< he m 

<120> Us® of ftcld-Stab; « iAihtiXi-si." Pratsssas in felss&i Feed 

<130> 6y32.,204»-wo 

-sl4G> DK 2000 

<X~x- 205)0-02-08 

<160:> 7 

<I70> Patsntln rersis! 3,0 

<2i0> i 

<S11> 2? 

<2i2> 

<Z13> texewQxiUm chrys.oo<snii;a ATCC 48272 

s-400> 1 

Ala : Va> Thr Gin Asm Gly Ala Prs Trp Giy Leu Giv Thr XI* 5er 

1 S 10 • •' IS 

Hiss Ar« Gin Pro Gly Sfc* Thr 0<sr Tvr -is 
20 2S 

<210> 2 

<Zll> 17 

<212> j-RT 

<400> t 

As;; Gin V>* tk Trp Giy Us Thr Ara Wl (tin Ma Pro Thr AXs 

1 • & is 

Trp 



<2U> n 
2 i U FRT 

<2I3:> A«ec:x: s .Oi»VC«S: Iilacxm3« CBS 102440 
-<400> 3 

Ala Tyr Thr Gin Gin Pro S-ty Pre Trp Gj.y lAsa GJy Arq He 2>r 

His 



<2i0> 3 
<2!l> ,25 
<2X2> PAT 

<213> 2AsariiJ5« o:«ysparx;m 7 TO 44?2 
<4C0> 4 

Al« L*0 Thr Thr Gl« Gsr Glv Ala Thr Tro Sty Leu Gly T0r V-sj 

His Ar« Ser Giy Ser 

<2H;> 5 

<2U> 307 

<212> ?RT 

<2i3> B&cj.ilax 3D. OCxMB 40484 

<22-Q> 



PCT/EPMA1SSS2 



<22l> SIGNAL 
<222> ;!}..; 27} 
<220> 

< 2 2 1 > p e d t. i d a 
<222> '{118s . . 5397; 
<220> 

<22X> fftst p'sptldo 
••222: (Ml. . ■ y 
<400> 5 

mt Ays Phss Lys Lv3 H« Ala Ala ley S«r lla Thr Ser m<* Ala 
-25 -20 •• .! •.. 

L«« Pha Pro Ala Phe GXy GXy Ssr Ser Leu Ala Lys Glu Ala Pro Lys 

-W -S -1 1 s 

Fro Phe Gin Pro lie Asa Lys Thr Lea Asp Lys Gs.y Ala Phe Glu Ser 
10 15 20 

Giy Glu Vai : i.o VI •. Lys; she Lys Asp Sly Va.l Ser Lys Lys; A ' a Git? 
25 30 35 

GXy Ser Ala Leu A;;u Lys Ais 5U: Als Asn Glu Gin Lys Ala Ssr Ala 
40 4 3 SO 

Lys Asp SAro *>h* Gin Vsl Siu Vsl Ala Asp Va.l Asp Gin Ala Val 
SS 60 65 

Lys Ala leu : GXu Asa Asn Pro Mfi Val G.Hi Tyr Ala 01-u Pro hsn Tyr 



Thr ,fm Gia Ala Thr Trp Sar Pro .Ass Asp- Pro- Tyr I'yr lor Ala Tyr 

m m too 

Gin Tyr GXy Pro Gin Asn thr: Ser Thr. f ! ro Ala Ala Trp Asp Vsl Thr 
105 Up 115 

Arg Giy 3s r Ser Thr Gin Thr Vai Ala Vol Asp Gsr Giv Vxi Ass 

120 125 330 

Tyr Ass -Us fro Asp Lens Ai« Arc? Lys V»X tie Lys Giv Tyr Asp X>-.o 
133 140 MS 

II® Asp Arg Asp Ass Asn Pro Msr Asp :xs, Asn Gl y Hi s GXy Tftr His 

ISO 155 160 

Val Ala GXy Thr vsX Ala Ala Asp Tfer Asx; Aep Giy Ue Giv Val Ala 

I'O 175 ' tic> 

Giy Met Ala Pro Asp Thr Lys lis Lea Ala Gal Asa Val Lou Asp Ms 
135 190 IPS 

Ask Giy Sot Sly Gar leu Asp Ser lis Ala Ser Giy lis Arq Tyr Ala 
200 20:5 210 

Ala Asp GiP Giy Ala Lvss Val La u As ft Lea Ser GXy Gys Gls Cvs 

2X5 220 225 

Asn Ser Thr Thr Leu Lys Sex Ais Val Asp Ivr AXs Tro Ass Ivs GXv 
230 235 240 * 243 




wo tiara 3 r^mmwim 

Ala Val Val Val Ala AX a Ala Gly Asr Asp ten Val Ser Arq Tbr Eh® 
250 255 260 

Gin Pro Ala Sex Tyr Pro Asn Ala He Ala Val Glv Ala lis Ase Ssr 
265 270 275 

ftjs.n Asp Arg Lys Ala Sex Phe Ser Asa Tyr Sly Tbr Trp Val Asp Val 
280 285 290 

Thr Ala Pro Gly Val Asn lie Ala Sex Thr Val fro h&n Aso Gly Tyz 
295 300 305 

Ser Tyr Met Ser Gly Thr Ser Met Ala Ser Pro His Val Ala 01 v Lea 
310 313 320 325 

Ala Ala Lou Leu Ala S&X Gin Gly Lys Asn Asn Val Gin lie Arg Gin 
330 335 330 

Ala lie Gia Gin Thr Ala Asp Lys lis Ser Gly Thr Gly Thr Asn Phe 
34 5 330 355 

Lys Tyr Gly Lys lie Asn Ser Asm Lys Ala Val Arg Tvr 
36® 365 370 

<210> 6 
<2U> 367 

<-2i2> vm 

<213> Paecilojftyees UlacMiis CBS 10.7S 
<220> 

<22i;> peptide 

<222> {70S - . (367) 
<220> 

<22I> peptide 

<222> 5 841. . {367; 

<'4G0> e 

Ala Arg Ala Pro Leti Uii Thr 2ro Arg Gly Ala Ssr Sar Ser Ser Thr 
1 5 10 is 

Ala Ser Thr Leu Ser Ser Ser Arq Thr Ala Cys Pro Ser Pro Leo Ssr 
20 25 30 

Thr Arg Lee Ser Ala Lea Cys Pro Arg Arc; Pro Thr Ms Ser Thr Thr 
55 40 45 

Thr She Ser Gia Ala Ser Arc? Asn Leo Asa Ala Asa Asp Leu Lvs Thr 
50 55 68 

Lea Arg Asp His Pre Asp Val .Si a- Tyr He GXu Gift Asp Ala lie lie 

70 73 SO 

Thr lie Asn Ala Tyr Thr Gin QXn Pro Gly Ala Pro Trp Gly Leu Glv 

Are lie Ser Kxs Arq Ser Ays Gly Ser Thr Thr Tvr GIu Tvr Aso Thr 
100 105 110 

Ser Gly Gly Ser Gly Thr Cys Ala Tyr Val lie Asp Thr Glv Val GIu 
115 120 125 



Ala Gar His Pro G.Jsa Ph.© Giu Gly Sr-g Ms Sex sirs lie Lvs Sar Pha 
130 135 140 

Ii« Ssr Giy Gin Asa Thr Asp Sly Asa Giv His Giv Thr His Cvs Ala 
1*8 150 155 160 

Giy Thr lie Gly Sor Lys Thr Tyr Sly Val Ala Lvs Lvs Thr Lys lie 
18 5 170 17S 

Tyr Gly Val Ly : ; Vai Lsu Asp Asn Ssr Gly Sax Gly Ser Tyr Gar Giv 
ISO X8S 190 

lie U« Ssr Gly Vet Asp Phs Ala Val Gin Asp See Lys Ssr Arc? Ser 
19S 200 23S 

Cys Pro Lys Gly Val Val Ala Asn Met S«r h&vt Gly Gly Giv Lys Ala 
n0 215 220 

Gin S«r Val Asa Asp Gly Ala A La Ala Mot lis Arq Ala Gly Vai Pha 
225 230 m ' 240 



Lea Ala Vai Ala Ala Giy Ash Asp Asm Aln Asn Ala Ala Asa Tvr Ser 
243 250 255 

Pro Ala Sar Gla Pro f&z Vai Cys Thr Vai GXv Ala Thr Thr Ser Ser 
2 SO 265 270 

Asp Ala Ar<? Sar Ser Pha Gar Asn Tyr Gly Asn Leu Val Asp lie Pft© 
m 280 28S 

Ala Pro Gly Sap Asa lie Lay Gar Thr Trp lie Gly Gly Thr Thr Asn 
230 2§5 300 

Thr ita B&r Gly Thr Ger Het: Ala- thr Pro tin llt>. Vai Gly Lap Gly 
305: 310 3iS 320 

Ala Tyr A«« Ala Gly Ley Giu Gly ?h» Fro Giv Ais Gin Ala Leu Cys 
325 330 33 5 



Lys Arp lis Gin Th;P La« Spr Thr Lys Asa Val Lou Thr Giv lis Pro 
30 343 3 SO 

Gar Gly Thr Vai Asn Tyr Lau Ala Phe Asa Giy Asn Pro S«r Gly 
355 360 365 

••'.:10> ? 
<2li> 269 
<212> mt 

<213> Bacillus sip. TRS-I0GX 

Asn Gih Vai Thr Pro Trp Giy I la Thr Ara Vai Gir= Ala Pro Thr 5U 
1 5 10 15 

Trp Thr Arg Giy Tyr Thr Gly Thr Gly Vai Arq Val Ala Val Leu Asxs 

25 30 

Thr Giy lis Sar Thr His Pro Asp Lou Asn II a htg Gly Giy Val Sax 
35: 40 45 



f?he Val Pro G.l y Ql « Pro Ssr Tyr Gin Asp Civ Asn Sly His Giy Thr 

50 55 : 60 

His V»i Ala Glv Thr lie Ala Ma Leu Asn fen Jar I la Giy Val Vai 
65 70 75 80 

Gly Vol M* Pr<> Asn Ala Glij Its Tyr Ala val Lyi; Val Leu Cly Sa 
8$ 90 SS 

As fs Giy 'Mi Gly Sar Vsl Sfer Ssr lie: Ala Gin GIv Leu Gin Trp Thr 
100 105 110 

Ala Gin km Asn XU UU Val Ala Asa Ls& Ser Lea Giy Ser Pro Val 
115 120 125 

Giy Bet Gin Thr tm Giu Leu Ala Val Asn Gin Ala Thr Asn Ala Glv 
130 135: 140 

Val Ley Val Val Ala Aia Thr Gly Asn Asn Giy S»r Glv Thr Val Ser 
Id 5 ISO: iSS 160 

Tyr »;:« Aia Arq Tyr Aia Asa Aia Let; Ai-a Val Glv Ala Thr Asp Gin 
165 170; ifS 

Asn Asn Asn Arg Ala Sea £>hss Sar Gin Tyr Gly Thr Gly Leu Asn lie 
ISO ISS 190 

Val Ala Pro Gly Val Glv He Gin Ser Thr Tvr Pro Giy Asn Arcs Tyr 
ISS 20O 2:05 

Ala Ser Leu Ser Giy Thr $.<** mt Ala Thr Pro Ms Val Ala Giy Val 
219 215 2-2-0 

Ala Ala Leu Val Lys -Qln Lys Asn Pro Ser Trp S« Ass Thr Gin lie 
225 230 235 24 0 

Arq Gin His Leu Thr Ssr Thr Ala Thr Ser Leu Gly Asn S*r Asn Gin 
245 250 SSg 

me Giy Ser Giy L&u Val Asa Ala Gin Ala Aia Thr Arq 
2 SO 2S5 



